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This instrument was designed 
primarily tor the determination ot 
isotope abundance ratios in the 
mass range 1-70. By the addition of 
a newly ‘developed gas manometry . 
system it can also be employed for \ || 
analysis of organic and inorganic | i 
gases in the same range. The instru- ! 
ment is of the go° sector type and is | 
suitable for use by operators of is 
moderate experience. Selection of \ | / 
ions of a given m/e ratio is made \? ‘ 
by manual adjustment of the ion- 
accelerating voltage and the mag- 
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rotatable permanent magnet. yy 
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Details of the MS 3 Mass 
Spec trometer are giv en in 
leaflet. 906/12-1 which 
will be torwarded = on 
request. 

In the magnetic field, ions 
of any one mje ratio travel 


on one circular arc and those 








with a different m/e ratio 
travel on another. The 
Metrovick MS 3 Mass 
Spectrometer 1S simple and 
straightforw urd in operation, 
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In the Mullard laboratories 


Electronic devices for the study of ultra-fast phenomena 
are among recent Mullard contributions to the progress 
of electronics. They include image converters capable of 
recording phenomena at a speed of one hundred- 
millionth of a second. Such initiative in research and 
thoroughness in development are characteristic of the 
ceaseless work of the Mullard laboratories. 


In the Mullard factories 


Bringing the benefit of this research to industry and the 
community is the other function of the Mullard organis- 
ation. Every year, in great factories in Lancashire and 
Surrey, millions of valves, electron tubes, and components 
are produced for Britain’s electronics industry. Behind 
the name Mullard, therefore, is a store of experience in 
electronics that may well prove of immense importance 
to your own organisation. 
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The Progress of Science 


Careers in Biology 


THE biology departments of British universities have ex- 
panded considerably in the past twenty-five years, and the 
output of biology graduates has increased correspondingly. 
In 1951, for instance, 540 students graduated with honours 
in Botany, Zoology and Physiology, and in the same year 
there were in addition 260 biology students who obtained 
pass or general degrees. The increase in the supply of 
biology graduates has been paralleled by an increase in the 
demand for them. But supply has been tending to exceed 
the demand, and the biologists have naturally become 
concerned about the career prospects in their profession. 
This matter is under close study by the Institute of Biology. 
the organisation set up in 1950 to look after the professional 
interests of biologists in the kind of way that the Royal 
Institute of Chemistry and the Institute of Physics do for 
their respective professions. 

Recently the institute held two very enlightening con- 
ferences, one in Edinburgh and the second in Birmingham. 
At the latter various speakers described the various kinds 
of posts open to graduate biologists, and some statistics 
were given which indicated the present trend of the balance 
between supply and demand. 

The Agricultural Research Council and the Medical 
Research Council are two of the Government agencies 
which employ biologists in large numbers. The A.R.C.’s 
secretary, Sir William Slater, outlined the organisation of 
his agency which spends about £3 million a year, and 
which employs some 700 biologists, including veterinary 
specialists. He estimated that the demand for scientists 
to act as naturalists or field workers was twice that of 
experimentalists or laboratory workers. 

Sir Harold Himsworth spoke about the Medical 
Research Council, of which he is secretary. The M.R.C., 
with an annual income of the order of £13 million, has a 


number of medically qualified men engaged on research, | 


which is obviously essential since clinical experiments are 
included in its programme. But Sir Harold stressed that 
many more M.R.C. research workers are not medically 
qualified—they account, in fact, for two-thirds of the 
M.R.C. research personnel. 


The Colonial Office is another Government department 
which utilises the services of biologists, and the variety of 
work they undertake was described by Dr. G. A. C. Herk- 
lots, Secretary for Colonial Agricultural Research. The 
practical application of scientific knowledge to colonial 
agriculture rests first of all on the agricultural officer, whose 
function it is to advise the planter and the farmer. The 
men in this grade are trained for their jobs; they are selected 
from graduates in agriculture (a degree in horticulture or 
botany may be considered) and are then sent to the 
Cambridge School of Agriculture for one year and after- 
wards to the Imperial College of Tropical Agriculture in 
Trinidad for another year. The next line in the scientific 
advisory service is the specialist officer—plant pathologist, 
entomologist, soil chemist, etc.—on the headquarters staff 
of his department; the specialist will probably know the 
answer to the specific problem referred to him by the 
agricultural officer, or he may need to carry out ad hoc 
research in order to solve it. If the problem calls for 
elaborate or long-term research the specialist officer refers 
it to the next line of experts; these are scientists in the com- 
modity research stations which specialise in the study of one 
particular crop, for instance cocoa, tea, rubber or cotton. 
The fourth line in the organisation of applied agricultural 
research in the colonies is composed of the regional research 
stations, which concentrate on long-term basic research; 
this fourth line is now in process of being built up—there 
is, for example, a regional station near Nairobi for East 
Africa, and another regional research organisation is to be 
based on the Imperial College of Tropical Agriculture. 

Two other colonial schemes are being evolved. The first 
is the establishment of pools of experts who can be sent out 
to investigate specific problems; an example is the pool of 
insect experts formed at the Commonwealth Institute of 
Entomology. At present these are small units. 

Finally, Dr. Herklots spoke briefly about the new 
Colonial Research Service, which will provide careers for 
qualified research workers. The grades in this service are 
the same as in the home scientific service, and there will be 
opportunities for transfer between the two services. A 
limited number of research scholarships is available to 
honours graduates to enable them to qualify for the 
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Colonial Research Service. (Particulars can be obtained 
from the Director of Recruitment, Colonial Office, 
Sanctuary Buildings, Great Smith Street, London, S.W.1.*) 

Industry employs only a few biologists compared with 
the numbers of chemists and physicists. Even the brewing 
industry has little to offer; one speaker said that not more 
than a dozen breweries have biologists on their staff, such 
microbiological investigations as are required being carried 
out by chemists. But the expansion of industrial micro- 
biology, largely as a result of the discovery of antibiotics, 
has led to some demand for microbiologists. This type of 
career was discussed by H. J. Bunker, who is head of the 
research department of a large brewing concern. He con- 
sidered that the antibiotic manufacturer is the largest 
‘consumer’ of microbiologists in the post-war era; he cited 
the case of one of the larger firms in this field which had 
taken on sixty biologists in a year, but indicated that the 
present demand was somewhat abnormal because of the 
very extensive search for new antibiotics which is going on, 
and which involves “the testing of products from every 
available micro-organism for their possible antibiotic 
properties ’, to quote Mr. Bunker’s own words. The manu- 
facturers of processed foods also require staff micro- 
biologists, as does the dairy industry. 

Mr. Bunker listed several Government laboratories 
which do microbiological work, among them being such 
D.S.1.R. units as the Chemical Research Laboratory, the 
Water Pollution Research Station, and the Low Tempera- 
ture Research and Ditton Laboratories of the Food 
Investigation Department. Industrial research associations 
which require the services of microbiologists are those 
connected with the industries concerned with leather 
textiles, baking, paint, food manufacture, brewing, flour 
and paper; most of these employ only one or two biologists 


* A publication which sets out the qualifications required by the 
various Categories of scientific specialists employed by the Colonial 
Office, and describes the nature of the work involved, salary scales, 
etc., is Appointments in H.M. Colonial Service, published by H.M. 
Stationery Office, price 3s. 6d. 
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each, but some use, perhaps, half a dozen. Some ministries 
also employ microbiologists, in particular the Ministries of 
Supply, Food, Health and Agriculture. 

Mr. Bunker said that at the present time there is a shortage 
of microbiologists. This is, of course, the result of the lack 
of training facilities, for as Mr. Bunker pointed out “the 
man who wishes to take an honours degree in microbiology 
is not going to find himself very well served in this country”. 
As exceptional universities in this respect he quoted Read- 
ing, which gives a degree in bacteriology, and Birmingham, 
which has a course on the science of brewing. Mr. Bunker’s 
advice was that the microbiologist requires a considerable 
amount of biochemical knowledge. “I believe that this 
approach to microbiology is more satisfactory than from 
the other direction, that is to say, the man who starts and 
even qualifies purely as a chemist and then ‘picks up’ some 
biology as he goes along.”’ 

Biological posts in universities received attention in a 
paper by Prof. J. Danielli of King’s College, London, who 
quoted the Technical and Scientific Register’s estimate that 
the universities are likely to absorb 50-100 biologists 
annually. He thought that this number would steadily 
increase as new branches of biology developed, and he 
suggested it would double in the next 50 years. He also 
raised one very controversial issue when he said that a 
revision of university teaching of biology is needed to allow 
for two streams of students, one following courses in 
botany or zoology as at present, and the other specialising 
in subjects such as microbiology, biochemistry, cytology 
or genetics. At the moment it is fair to say that only a 
minority of biologists favour this view, but this situation 
may change when the two-stream proposal has been more 
widely discussed. 

In 1950 several reports were published which gave 
estimates of the supply and demand for different categories 
of scientists to be expected in the five-year period 1950-54. 
The figures for biology were somewhat surprising, predict- 
ing a supply of 3500 new graduates in botany, zoology and 


Breeding new varieties of economic plants Is one 
aspect of Commonwealth research which requires 
skilled biologists. This picture, showing an operator 
pollinating female flowers on a rubber tree, was 
taken at a rubber research station in Malaya. 
This month’s cover photo shows the experimental! 
banana plantation at the Imperial College of 
Tropical Agriculture, where an important new 
variety resistant to Panama disease has been bred 
and is being propagated in large numbers for 
distribution to planters. 





DISCO’ 


physiolc 
Those f 
lected b 
Meara, 
Biology 
which t 
In that 
botany, 
number 
to the 
honour: 
graduat 
totalled 
approp! 
escapin; 
degree | 
fields oO 
attentio 
chemist 
if they 
sphere « 
a good 
possesst 
mentior 
“— th 
been a - 
univers! 
were no 
feel tha 
situatio 
student 
1 think 
option 
Mr. Me 
Mr. ! 
gradual 
likely t 
concert 
though 
versatil 
mentio: 
who we 
and so 
the effi 
used. 


Teryl 


ARTIFI 
last ce 
belong: 
wroug! 
od. § 
makings 
was th 
rayon 
output 
artifici: 
these t 
quanti 
world. 
Whi 


VERY 


1istries 
ries of 


ortage 
1e lack 
t “‘the 
lology 
ntry”’. 
Read- 
gham, 
nker’s 
erable 
it this 
from 
is and 
some 


}ina 
, who 
e that 
Ogists 
sadily 
id he 
- also 
hat a 
allow 
es in 
lising 
slogy 
nly a 
ation 
more 


gave 
ories 
)-54. 
dict- 
/and 


s one 
Juires 
rator 
, Was 
ilaya. 
ental 
re of 
new 
bred 


s for 





DISCOVERY December, !|952 


physiology as against 2500 vacancies expected to occur. 
Those figures emerged from the analysis of statistics col- 
lected by the Technical and Scientific Register, and B. G. 
Meara, who is on the Register’s staff, gave the Institute of 
Biology’s conference figures for 1951 showing the extent to 
which the predictions were justified by actual experience. 
In that year about 540 people graduated with honours in 
botany, zoology and physiology; of these only a very small 
number of men have failed to find employment according 
to the Register’s records. A larger number of women 
honours graduates, and a still larger number of those who 
graduated in 1951 with pass or general degrees (and who 
totalled around 1025) have so far not succeeded in finding 
appropriate biological employment. He said there is no 
escaping the fact that the criterion of a second-class honours 
degree at least is very widely applied by employers in all 
fields of biological employment. Mr. Meara also drew 
attention to the fact that biologists who have studied 
chemistry to subsidiary degree standard have an advantage 
if they need to look for employment outside their main 
sphere of interest. He was careful to stress that there is 
a good demand for well-equipped graduates in biology 
possessed of aptitude for research; the difficulties which he 
mentioned arise in connexion with the less well qualified. 

“IT think there is little doubt that in the past there has 
been a tendency for some students to study biology at the 
university rather than physics or chemistry, because they 
were not regarded as sufficiently sound in mathematics. We 
feel that only good can come of putting the facts of the 
situation as we honestly believe them to be before the 
student and his teacher, if only to get rid of the idea, which 
I think used to be prevalent, that biology offers a soft 
option compared with physics or chemistry,” commented 
Mr. Meara. 

Mr. Meara spoke of the problem of dealing with recently 
graduated biologists who feel that his specialised training is 
likely to be wasted in any occupation but one directly 
concerned with the subject he studied at the university. He 
thought that ‘the biology graduate is far more mentally 
versatile than he is often aware of”, and illustrated this by 
mentioning the striking successes achieved by biologists 
who went over to “operational research” during the war 
and solved difficult problems connected with improving 
the efficiency with which manpower and equipment were 
used. 


Terylene Reaches the British Market 


ARTIFICIAL textile fibres made their debut at the end of the 
last century, but their large-scale production and use 
belongs to this century. The revolution which chemists 
wrought in the textile industry began with the 1889 patent 


of C. F. Cross and F. J. Bevan, describing the process of 


making the first practical artificial silk; this viscose rayon 
was the beginning of the great rayon industry. Viscose 
rayon is now made in vast quantities, the annual world 
Output exceeding 2000 million pounds. Next important 
artificial fibre to be developed was acetate rayon. Today 
these two kinds of rayon account for over 90°, of the total 
quantities of artificial fibres produced throughout the 
world. 

While production chemists were busy ironing out the 
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J. R. Whinfield, co-discoverer with J. T. Dickson of 
the synthetic fibre known as Terylene. 


wrinkles encountered in the expansion of rayon manufac- 
ture, a great deal of fundamental research was being done 
by chemists and physicists into the nature of the huge 
molecules of such natural substances as cellulose and silk, 
and of the huge molecules of the completely synthetic 
products of the young plastics industry. X-ray analysis, 
for example, showed that the molecules out of which nature 
builds fibres are all molecules in which the atoms are 
arranged to form a long chain; in other words, a material 
with a visibly fibrous character is also fibrous at the mole- 
cular level. 

Fundamental research was providing good correlation 
between the molecular structure and physical properties of 
substances, and chemists were beginning to be able to 
predict what physical properties a chemical compound with 
a particular molecular structure and molecular weight was 
likely to possess even before they synthesised it. The 
possibility of synthesising tailor-made substances which 
would satisfy a certain set of specifications was a concept 
to fire the imagination of the synthetic chemist. It was this 
kind of approach which inspired the research programme 
that led to the discovery of nylon. About 1930 an Ameri- 
can research team directed by Dr. Wallace H. Carothers 
began an investigation of polymers of high molecular 
weight. Quite early on Dr. Carothers came to the con- 
clusion that in the group of polymers he was studying a 
polymer, capable of yielding satisfactory fibres, would 
have a molecular weight around 12,000. This represented 
only a vague kind of specification but nevertheless it was 
valuable, for the search for potential fibre-forming sub- 
stances could then be narrowed down insofar as polymers 
with molecular weights much lower than 12,000 could be 
neglected. Compared with, say, the enormous number of 
substances tested by Edison in his purely empirical search 
for a material of which to make electric-lamp filaments, the 
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Industrial uses are being found for Terylene; in the 

chemical industry, for example, it is an ideal fibre, being 

resistant to chemical attack and also to abrasion. The 

filters in this photograph, which are used to handle 

titanium dioxide pulp, are composed of braided 
Strings of Terylene. 


number of polymers which were prepared and tested by 
Dr. Carothers and his team before they hit upon the epoch- 
making new fibre that later came to be known as nylon was 
remarkably low. 

Nylon, the polymer produced by condensing hexa- 
methylene diamine and adipic acid, was discovered in 1935. 
It did, however, take another five years’ work by over 200 
chemists and engineers to develop the new fibre and bring 
it into large-scale production. 

The original discovery of Terylene, the newest of the 
synthetic fibres which is now reaching British shops and 
which has been on retail sale in America for the past year, 
dates back to the time when nylon was making its com- 
mercial debut in America. Various substances fairly 
closely related to Terylene had in fact been synthesised by 
Carothers’ team, but these substances had been rejected as 
not having a high enough degree of ‘linear symmetry’ in 
their chain-like molecules. Terylene is produced by con- 
densing ethylene glycol and terephthalic acid; this organic 
acid is one of the three dicarboxylic acids formed from 
the isomers of xylene; it is para-xylene which yields tere- 
phthalic acid, whereas phthalic acid comes from ortho- 
xylene and isophthalic acid from meta-xylene. 

Its discovery was entirely British, being made by J. R. 
Whinfield and his associate, J. T. Dickson, in the labora- 
tories of the Calico Printers Association. The patents 
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covering its synthesis, in which I.C.I. hold the exclusive 
world rights (except for the U.S.A.), were kept sccret 
during the war on the order of the Ministry of Supply. 

The first Terylene yarn was made by I.C.I. in 1944. This 
was prepared from a small amount of polymer produced 
in the D.S.I.R.’s Chemical Research Laboratory at 
Teddington. The results were promising, and so experi- 
mental plants for its manufacture were built to produce the 
polymer and to spin filament yarn. These came into action 
in 1947. Large pilot plants were then erected and these are 
now turning out a considerable quantity of Terylene— 
about 600,000 pounds a year. The large-scale production 
and spinning plants, now being constructed, are due to 
start operating by the end of 1954 and their output will be 
about 11 million pounds a year. 

Terylene is being spun in two different forms. The first, 
known as filament yarn, looks and processes very much like 
silk or nylon; the second, called staple fibre, has a wool- 
like character and can be processed on the worsted system. 
It should be stressed that these are not just substitute 
fibres; they have unique properties and offer distinct 
advantages over other fibres, synthetic and natural. For 
example, textiles made of Terylene are crease-resistant. 
Moreover, a crease can be put into Terylene fabric—say, 
into a pair of trousers—with a hot iron which will remain 
knife-like until it is ironed out again; even domestic 
washing will not remove it. Terylene is extremely strong 
and resistant to abrasion; socks made from it last at least 
six months without any sign of holes appearing. It is 
also mothproof and mildewproof. These advantages 
largely offset the relatively high price of Terylene, which is 
far more expensive than rayon. Lingerie material made of 
Terylene is being retailed at 16s. 1ld. to 18s. 11d. a yard, 
and we have seen men’s Terylene shirts on sale in London, 
at 90s. each. Expansion of production will doubtless bring 
prices down and near to the price range of nylon. 

Terylene has also been tested for a number of industrial 
uses and the results have been very promising indeed. Its 
resistance to abrasion coupled with the fact that it with- 
stands chemical attack suggested its use for making filter 
cloths required in the chemical industry and the anode 
bags used in connexion with electro-plating; it has proved 
effective for both these purposes, and for many others. Its 
dielectric properties are such that it should find consider- 
able use in the electrical industry, and its high strength and 
tenacity, which are maintained when it gets wet, suggest 
that it will find wide application in the maritime industry 
in such equipment as fishing nets, sail cloth and whaling 
ropes. 


A New Means of Killing Rats 


RATS continue to be a major menace. In Britain, for 
example, they cause damage and waste to the tune of about 
£50 million a year. Many scientists throughout the world 
are actively engaged in improving measures for controlling 
this pest, and there can be very few chemical substances 
with potentialities as rat-poisons or rat-repellents which 
have gone untested. 

A promising new line of approach to the rat problem 
was opened up in 1947, when J. A. O’Connor suggested that 
dicoumarol, a drug which is a blood anti-coagulant, should 
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be used as a rodenticide. It was then thought that this 
substance might have the properties required to make it 
an ideal rodenticide; to judge by the initial tests of dicou- 
marol, it did not seem to produce any of the symptoms 
which deter rats from taking lethal doses of many poisons, 
and it seemed to be specific. Further experience showed, 
however, that rats did develop a shyness towards 
dicoumarol. 

Later, in America, the related substance phenylacetyl- 
ethyl hydroxycoumarin was developed by K. P. Link of the 
University of Wisconsin. It is now aptly known as 
‘Warfarin’. Since 1950 this has proved a_ successful 
rodenticide in many lands. Many other chemically related 
anti-coagulant substances are now known and are being 
investigated, but warfarin is probably the most widely 
known and used. The way it acts is quite different from 
that of the quick-acting poisons. Warfarin inhibits the 
formation of prothrombin, which is involved in the normal 
process of blood clotting. Minor damage of tissues which 
occurs in the normal wear and tear of the mammalian body 
is checked by blood clotting and then this damage is 
repaired automatically by the body. This process is upset 
by a lack of prothrombin. After some days a rat has been 
eating food containing warfarin (e.g. 0:005%% by weight), 
the prothrombin content of the rat’s blood falls to a very 
low level indeed. When that occurs, coagulation is so slow 
that considerable internal haemorrhage takes place, with 
the result that small rodents such as rats and mice become 
very weak and die; in some cases death may be caused by 
complications such as anoxia. They continue to feed on the 
baits even when so weak as to be hardly able to crawl to 
them, and apparently they are unable to associate their 
symptoms with the baits. 

It is important to note that one single dose of warfarin, 
even a very large one, rarely causes death, but regular 
feeding over several days on a bait containing it does have 
the effect described. The necessity for consecutive doses is 
a factor which makes the bait safe so far as human beings 
or farm and domestic animals are concerned, as they are 
unlikely to feed on the baits with sufficient regularity. 

It should also be mentioned that birds, whose blood- 
clotting mechanism differs in any case from that of 
mammals, are very much less susceptible to the drug than 
are rodents. Experimental work in America showed that 
the amounts of rat-bait that hens and chickens needed to 
consume before any symptoms were produced, were almost 
fantastically large, so that there is very little chance indeed 
of poultry being accidentally poisoned by warfarin. 

However, as with most innovations, there are circum- 
stances in which warfarin may not be as effective, so that 
it is not by any means a final solution of the rodent problem. 
Much more experience of its use and of techniques of 
application is required before it can be known in exactly 
which circumstances it is the method of choice. Wherever 
there is much shifting of goods and consequent disturbance 
of the rodent population, as for example in many ware- 
houses, warfarin can give disappointing results. In damp 
Situations, baits may become mouldy and unattractive to 
rats, by reason of the time they remain in position. 

Due to the extremely low concentrations in which it is 
used, warfarin needs to be very carefully and evenly 
dispersed throughout the baiting medium. There is also the 
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Ethylene glycol and terephthalic acid are the raw 
materials for the synthesis of Terylene. The glycol is 
prepared in this plant at Wilton; this takes ethylene 
obtained by cracking petroleum and converts it into 
glycol by the well-known chlorhydrin process. The 
terephthalic acid is produced by oxidising para-xylene. 


important point that both the black or ship rat (Rattus 
rattus) and the house mouse (Mus musculus) are less 
susceptible to warfarin than the common or brown rat 
(Rattus norvegicus), but it is possible to poison the first 
two species by using higher concentrations of warfarin. 

A closely related compound developed outside Britain 
resulted in another new possible method of control. The 
anti-coagulant is dispersed in a tracking powder, which is 
distributed about the rats’ usual runways. If rats in their 
habitual fur-cleaning processes lick off sufficient of this dust 
they are killed in a similar manner to rats which have 
eaten warfarin baits. It is believed that this compound is 
more toxic to man than is warfarin. At present there is 
relatively little knowledge of it in this country. 

A method which has sometimes been used to control mice 
in bagged commodities such as wheat, and rodents in 
buildings in America, is asphyxiation by carbon dioxide. 
‘Dry ice’, that is to say solid carbon dioxide, is the ‘fumi- 
gant’. Inthe treatment of bagged commodities, the material 
is placed on the stack under gas-proof sheets. This method 
has the drawback that it is very difficult to prevent consider- 
able leakage of the gas from the base, and mice sometimes 
survive this treatment in considerable numbers. Though 
ingenious, it cannot be said at present to be a method of 
first choice. 











In our July 1952 issue Dr. and Mrs. Rudge wrote about the investiga- 
tions which led them to the hypothesis that the line of puddingstone 
boulders across East Anglia marked a Stone Age trade route. Their 
article aroused tremendous interest and many readers wrote asking 
for more information. Dr. Rudge has contributed this new article to 
answer some of the questions readers raised. 


A History of 


Puddingstone 





E. A. RUDGE, Ph.D., F.R.1.C., A.M.I.Chem.E. 


PUDDINGSTONE Is a conglomerate rock consisting of rounded 
waterworn pebbles or boulders cemented together, the 
binding material being generally silica, iron oxide, or 
limestone. Conglomerates in general are natural aggregates 
of gravels, and the older name ‘puddingstone’ was selectively 
applied to certain types which superficially resembled a 
raisin pudding, the ‘raisins’ being pebbles, which are usually 
of flint. 

Examples of conglomerates are found in all geological 
formations. The oldest, or Palaeozoic, strata contain 
them in very considerable thickness, and here they consist 
of pebbles of quartz or granite set in a durable matrix of 
Silica. The great conglomerate of the Devonian Old Red 
Sandstone is a striking example, and many writers have 
described the influence of such strata on the landscape. 
Hugh Miller included in his classic book The Old Red 
Sandstone (1852) a graphic description of this conglomerate 
in the Caledonian Valley, and an estimate of the character 
and extent of the rock may be drawn from the following 
sentence relating to the mountain Mealforvony: 

‘*When a public road crosses the lower ridges, the traveller 
finds that there is no paving process necessary to procure a 
hardened surface, for his wheels rattle over the pebbles 
embedded in the rock.”” Another extensive deposit, between 
Monmouth and Tintern, outcrops along the right bank of 
the River Wye, and contributes in no small part to the 
scenic attractions of the district. 

The Mesozoic system similarly offers many examples of 
massive deposits of conglomerates, many of which have a 
limestone matrix, and extensive examples may be found in 
the Mendips; but it is not until we reach the comparatively 
young rocks of the Eocene period of the Tertiary system, 
however, that we meet with the true puddingstone which is 
the subject of our sketch. 

During the Eocene period, estimated at approximately 
60 million years ago, the south-eastern half of Britain was 
submerged beneath the surface of a shallow sea, the shores 
of which very roughly corresponded with a line drawn 
from Ipswich to Bishop's Stortford, then across to Hemel 
Hempstead and south-west to Southampton. On the bed of 
this sea were laid down the deposits of sands and clays 
which today contribute so much to the scenery of the Home 
Counties—the sands and loams of the Reading Beds, the 
London Clay and the Bagshot Sands of the Surrey heaths 
and commons—and it is in the lowest strata of the series— 
the Reading Beds—that our true puddingstone occurs. It 
is an extremely hard rock, consisting of a petrified mixture 
of sand and gravel, so hard and compact that the jointing 
planes developed in it frequently cut through both pebbles 
and matrix alike. 

The Reading Beds in which the puddingstone layer occurs 


are unevenly distributed throughout the area, sometimes 
outcropping at the land surface, but more frequently 
covered by other strata—the London Clay, or in East 
Anglia, the Boulder Clay. The puddingstone is found in 
isolated patches and seams, and varies from place to place 
in colour and texture. The Hertfordshire type is bonded in 
a hard, quartz-like matrix, whereas the Essex varieties are 
heavily impregnated with iron oxide. All types have one 
feature in common; the general appearance is strikingly 
distinctive, and all puddingstones well merit their name. 

It is not to be wondered at, therefore, that this unique 
rock has received popular attention for many centuries 
past. Yet, compared with the great masses of the geologi- 
cally older conglomerates, puddingstone is insignificant in 
quantity, and it is a matter of no little surprise to find that 
this uncommon material has held an important place in 
the economy of the countryside. This is probably due to the 
fact that it is found in areas where deposits of hard rock are 
normally absent, and consequently a compact boulder 
becomes a conspicuous object. 

What may be termed the “‘cult of the puddingstone”’ may 
be traced through the centuries. Even at the present day it 
is a frequent constituent of garden rockeries throughout the 
area of occurrence. There used to bea very minor industry 
near the Essex village of Moreton (near Ongar), which 
depended on the recovery of outcrop boulders from the 
bed of the Cripsey Brook, and their marketing for use as 
garden stone. In a wide area south of Hemel Hempstead, 
Hertfordshire, where the seam is struck a few feet below 
the surface, boulders of puddingstone are a frequent 
adornment to the gates and drives of farms and mansions. 
The setting up of puddingstone monoliths in the Home 
Counties is a practice of long standing; a few of these have 
been installed within living memory, while there must be 
many others of doubtful antiquarian interest, the history of 
which is now lost and forgotten. On Cholesbury Common, 
near Chesham, Buckinghamshire, is a remarkable boulder 
commanding a wide view over the surrounding country. 
It stands close to the ‘Danish’ camp in which the ancient 
church has been erected, and these circumstances suggest 
an antiquarian importance to the stone, which, in point of 
fact, is false; for the boulder was placed in its position at the 
turn of the century by a Cholesbury quarry-owner. Another 
puddingstone boulder stands in an imposing position in the 
churchyard at Arkesden, in North Essex, put there many 
years ago by a former squire of the place. The little stream 
flowing through the village street has exposed an outcrop 
of the rock, from which this particular boulder was prob- 
ably retrieved. Not far away lies the village of Farnham, 
where once stood a large block of puddingstone in Dane 
Meadow. This stone was associated with local legends, and 
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Fig. 1.—A typical specimen of Hertford- 
shire puddingstone. 


it seems quite likely to have had antiquarian value, yet in 
1890 it was removed to the grounds of Oak Hall, near 
Bishop’s Stortford. 

Most visitors to the city of St. Albans must be aware of 
the handsome puddingstone boulder which stands on the 
roadside before Kingsbury Mill, and must have wondered 
at its meaning. It appears that this stone was taken from 
the bank of the River Ver, a few yards away, and erected, 
in the year of Queen Victoria's Jubilee, by a local resident. 
I have a letter before me which picturesquely described the 
event, and from which I quote: “‘My father, now ninety-five 
years old, says Mr. Aldridge asked some masons working 
on the Abbey to help take the stone from the river bank. ... 
Afterwards he stood drinks for the men.’ This compara- 
tively modern monument stands scarcely more than twenty 
yards away from another smaller boulder of undoubted 
prehistoric age. (See Discovery, July 1952, p. 210.) 

Even Gilbert White, the celebrated natural historian of 
Selborne, Hampshire, was not immune to the attractions of 
the rock, for a puddingstone monolith standing conspicu- 
ously upon the summit of Selborne Hanger is said to have 
been transported to this spot on his instructions. 

But without a doubt the most extraordinary example of 
the puddingstone cult may be seen at the village of Braden- 
ham, four miles north-west of High Wycombe. The 
church stands at the north-east of a large and handsome 
village green, which for nearly half a mile flanks the road to 
Walter Ash. All along the grass verge of this straight road 
lies an assortment of puddingstone boulders scarcely more 
than a few yards apart, with here and there a plain sand- 
stone block, leading the entire way from village to church. 
The mystery surrounding the origin of this ‘Bradenham 
alignment’ was dispersed by the discovery of an obscure 
reference in the Geological Magazine (1901), where it was 
recorded that the line of boulders was placed there by the 
rector about the year 1890, although the purpose of his 
action is not stated. 

Bradenham has one more claim to our attention, for a 
few hundred yards north-east of the church is an eroded 
valley containing a fantastic collection of great pudding- 
stone boulders, rivalling in effect the famous ‘greywether’ 
valley of Piggley Dene, the National Trust showplace three 
miles west of Marlborough. Some of the boulders are as 
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much as ten feet long; others are piled one on top of 
another, and many only just peep out of the grassy mounds 
which have grown over them. Together they make what is 
probably the best natural outcrop of puddingstone known. 

A remarkable feature of the Eocene puddingstone is the 
curious regard held for it by countrymen throughout the 
area, referring to it by the names ‘growing-stone’, ‘breed- 
ing-stone’ and ‘motherstone’—names, by the way, which 
in my experience are never applied to any other kind of 
rock. These names are found with constancy in remote 
rural areas as far apart as Buckinghamshire and Suffolk, 
and clearly relate to some special property attributed to the 
material. Some villagers stoutly maintain that pudding- 
stone actually grows, claiming that if a boulder be removed 
from a hedgerow, another will later be found sprouting in 
its place. Our investigations indicate, however, that these 
names may be survivals of a much older application of the 
rock, to which reference will be made in due course. 

The name ‘growing-stone’ has been in use for a very long 
time. In an eighteenth-century treatise, called The Modern 
Husbandman, by W. Ellis, a reference is made to “‘the great 
stones that we call growingstones, composed of vast 
numbers of small pebbles that lie in little cells or holes... 
and possibly, nay likely, they may deserve those names, 
though imperceptible to our Eyes or Memory”. 

The history of puddingstone as an economic material goes 
far back into antiquity. An interesting reference to its use 
in the eighteenth century may be found in Plot's History of 
Oxfordshire, published about 1750. Here it is related that 
the best puddingstone occurs at Stonor, near Henley, so 
large and compact that ‘“‘could the Ingenious Proprietor, 
Thos. Stonor, Esq., find a way to split and polish them with- 
out too much charge, he might make him rich Chimney- 
pieces and Tables with them”. Plot goes on to describe 
having seen, near Hampstead, “‘curiously wrought” handles 
of knives, made by Sir Anthony Cope. I have been unable 
to discover if any of these puddingstone-handled knives 
still exist, nor is there any evidence that Thomas Stonor 
ever succeeded in producing polished tabletops; but the 
reference to Hampstead calls to mind that the Londoner's 
own puddingstone boulder can still be seen in this district. 
It lies on the roadside in West Hill, Highgate, before the 
gates of the old Fox and Crown Inn, and was in all 
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probability a mounting-block, from the same local source 
as Cope’s material. 

In the counties of Buckinghamshire and Hertfordshire, 
puddingstone boulders have long been used as boundary 
stones to parishes and estates. Ellis, in his book mentioned 
earlier, records that ‘“‘a Great Gentleman wants several of 
these stones, to put them down in his grounds as lasting 
boundary marks’. There is little doubt that this is the 
explanation of the great number of short alignments of these 
stones frequently found in the Home Counties, and usually 
coinciding with a parish boundary or a footpath. 

We must go back farther in history for our next illustra- 
tion of the use of this curious stone—as far back as the days 
of the Early Norman Church builders. In a region such 
as East Anglia, where durable building stone is scarce, 
puddingstone was used wherever adequate supplies 
occurred, as an alternative to the usual flint-rubble method 
of construction. In Essex in particular the soft ferruginous 
puddingstone of the river valleys was a favourite material, 
and many excellent examples of this work may be found. 
Among them we may refer the reader to the churches at 
Inworth, near Kelvedon; Great Leighs, Chelmsford; and 
Great Horkesley, near Nayland. Strangely enough, I have 
never found a church constructed with the hard Hertford- 
shire conglomerate, although occasional blocks of this type 
are frequently seen incorporated with an assortment of 
other materials in rubble walls. 


Puddingstone Querns 


In the late Saxon period, during which communal village 
life was developed, the village mill used grindstones of local 
stone, which, in the districts of the Eocene deposits, 
frequently took the form of Hertfordshire puddingstone. 
Beautiful examples, up to four feet in diameter, are often 
found, usually serving as doorsteps, and the reader is 
referred to a fine specimen at the door of a cottage a few 
yards from Kingsclere Church, Berkshire. It may be that 
the use of puddingstone for this purpose was inspired by 
the Romano-British manufacture of the Puddingstone 
Quern, specimens of which are occasionally found in East 
Anglia, and which are well represented in our museums. 
The quern, or domestic cornmill, consisted of two hemi- 
spheres about twelve inches in diameter, mounted on an 
iron spindle. The upper stone was perforated with a vertical 
conical shute for the introduction of the corn, and the 
nether stone carried a short central spindle. A wooden 
handle mounted in a depression cut into the side of the 
upper stone served as a means of rotation. The specimen 
illustrated was found in 1951, in a garden at Finchingfield, 
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Fig. 2 (/eft).— The two halves of puddingstone quern. 





Fig. 3 (right).—The same quern with a modern handle inserted. 
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Essex, and is typical of the period. Cecil Curwen, the 
authority on querns, considers that this type was made 
during the early period of Roman occupation, from 
A.D. 50 to 150, and all specimens probably were the product 
of a single manufactor. The quern was used by pressing the 
nether stone into the soft earth floor, so that the grinding 
surfaces were inclined at an angle to the horizontal, and the 
meal then spilled out from the lowest edge into a container. 
It is a curious fact that a far greater number of upper stones 
than nether stones have survived. These querns were always 
made of the hardest quartzose Hertfordshire conglomerate, 
and a great deal of skill must have been employed in the 
intricate cutting involved. 

Our final example of the use of puddingstone dates back 
to the unknown days of prehistory, and to its use as 
recognisable guidestones along the ancient tracks. The 
famous Stane Street, the Iron Age highway from Verulam 
to Camulodunum, was marked out by a series of boulders 
of sandstone and puddingstone indiscriminately, and the 
inquiring explorer will come across many along the modern 
road through Braintree, Dunmow, Bishop’s Stortford, 
Hadham, Stanton and Watton; but an earlier track, marked 
out exclusively with boulders of conglomerates, has been 
discovered in recent years, connecting in a straggling line 
the eastern slopes of the Chilterns to the prehistoric flint 
mines at Grimes Graves in Norfolk. 

It is clear that the striking peculiarity of this rock 
impressed itself upon the essentially practical mind of the 
primitive savage with no less emphasis than upon that of 
the twentieth-century countryman. It may be that the 
names he uses to define it—‘breedingstone’ and ‘mother- 
stone’—are survivals from the time when this trail of 
boulders led the way to the Norfolk mines, for there is 
abundant evidence that the prehistoric miner regarded the 
earth as the literal mother of his treasured flint. Support to 
this view is lent by the otherwise inexplicable variation met 
with in Hertfordshire—‘motherlode’. In later years the 
track boulders became the nuclei around which grew village 
communities, and at which were held pagan rites and festi- 
vals. Later again, many were incorporated into the fabric 
of the Saxon Christian Church, and our illustration shows 
one such pagan stone found this summer at Broomfield, 
near Chelmsford, Essex. 

London, city of innumerable surprises, has its own pagan 
stone—a sandstone boulder built into the foundations of 
the old Saxon Church of St. Andrew, at Kingsbury. 
Incredible though it appears, in this green oasis of undis- 
turbed antiquity, between the Edgware Road and the 
Wembley Stadium, lies a stone which has survived the 
impact of civilisation for more than twenty centuries. 
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. The ticks, which belong to the Arachnida (the group which includes 
-OVERY spiders, scorpions and mites) have received little scientific attention as 
compared with insects. This article considers the disease spread by 
wen, the these creatures which affect man and domesticated animals. 
as made 
n, from « * 
— t f Tick 
z | Economic Importance of Ticks 
grinding 
and the — 
yntainer. 
- shomes D. R. ARTHUR 
e always 
>merate, THE ill effects of ticks on their hosts have been recognised for of their new hosts, which would jack immunity to the 
d in the a very long time, as far back as 200 B.c., when M. Porcius pathogens carried by the ticks. (One is envisaging a lack 
Cato referred to treatments whereby “there will be no sores of immunity that is permanent.) 
tes back and the wool will be more plentiful and in better condition Spirochaetosis is one class of disease which is transmitted 
| USE as and the ticks [ricini] will not be troublesome’. Earlier, by ticks. The organisms which cause this kind of disease are 
cs. The Aristotle in his famous Historia animalium had made some spirochaetes, which are very small, slender, wavy forms of 
Verulam observations on the ecology of these ectoparasites and bacteria which are capable of movement.+ One kind of 
oulders stated that the “‘tick 1s generated from couch grass’. He spirochaete is responsible for the relapsing fever of East 
and the was also aware of the harm they caused. Despite the early and. West Africa. This fever lasts for several days and is 
modern realisation that ticks were ectoparasites on mammals, it followed by a period of recovery, after which there may be 
ortford, was not until the late nineteenth century that the role of further relapsing periods. For some time after recovery the 
marked ticks in the transmission of certain diseases was suspected, | patient remains in a very weak condition. The mortality 
as been and this relationship between ticks and pathogenic organ- rate in serious cases varies from 6 to 10%. The causal 
ing line isms was firmly established only at the beginning of the — spirochaete is Spironema duttoni, which is carried by a 
ric flint present century.* specific tick—Ornithodoros moubata, also known as the 
The interest of the earlier naturalists in the peculiar ‘tampans’ or ‘carapatos’. They are common in the unclean, 
is rock habits of these animals has now been surpassed by the thatched houses of the African natives, and are particularly 
1 of the extensive and intensive investigations which followed the difficult to avoid along the main caravan routes. Their 
that of full realisation of the great economic havoc they cause = association with these travel routes helps to explain why 
hat the as disease carriers, both in this country and abroad. In these particular arachnids are so widely distributed. The 
nother- Britain the ravages of the ticks are confined to man’s _ adult tick, which is broad and oval in shape, measures about 
trail of domestic stock, but abroad they menace man himself. five-eighths of an inch long. The first-stage larvae (with three 
there is Where ticks occur, they have profoundly affected pairs of legs instead of the four pairs present in the adult) 
ded the agriculture and therefore they have influenced human — which emerge from the eggs do not feed and very soon after 
port to society. emerging, from the egg-shells they transform to second- 
ion met Stage ticks or nymphs. (The larvae look like miniature 
ars the ' adult ticks; there is not the same striking difference between 
village Ticks as Disease-carriers larva and adult which is commonly found in insects.) 
id festi- The ability to transmit disease is not limited to any one — Both the nymphs and adults feed on the blood of their 
> fabric genus or species of tick, and very similar diseases may be hosts and are capable of transmitting relapsing fever. They 
| shows transmitted by different species, hence it would appear that | usually suck the blood of the host at night; during the day 
mifield, the different diseases did not originate in the ticks. Prob- they hide in the dust or sand in and around the dirty huts 
ably, the tick-borne disease-causing organisms of man and __ Of natives, frequently burrowing for an inch or so into the 
1 pagan his domestic animals originally occurred in wild animals to sand, and like most other species of tick they can survive 
ions of which they brought no disease, and that these organisms for several months without food. 
gsbury. could be transmitted by the ticks to their original hosts Recently (in 1949, to be exact) it has been suggested by 
undis- without causing ill effects. The migration of the tick con- Gregson that the tick, Ornithodoros hermsi, is the probable 
nd the taining the parasites of its original host to a new species of vector of the spirochaete responsible for the relapsing fever 
ed the host such as cows and sheep might result in the introduc- which occurs in California, Colorado, Nevada, northern 
s. tion of the pathogen into the new host where it caused a Idaho, Washington and British Columbia. 








pathological condition. A disease may not become estab- 
lished in the new hosts if only a few ticks migrate; but when 
their original hosts were exterminated by the advance of 
Civilisation and the associated colonisation by man and 
beast, then the ticks were compelled to adapt themselves 
to these newly imported hosts. If these ticks were infected 
with the pathogenic organisms from their original hosts, 
then their presence in large numbers might cause disease 

* The earlier literature was excellently summarised in 1915 by 


G. H. F. Nuttall, the Cambridge biology professor who was a world 
authority on ticks. 


The spirochaete of relapsing fever is not transferred to 
its host through the mouth parts of the tick; it is passed out 
either with the faeces or with a secretion from glands located 
at the base of the legs. For effective infection, the excretion 
Or secretion must therefore be deposited near or in the 
lesion caused by the tick’s bite, subsequently the parasite 
invades the blood of the human host. Within the tick’s 
body the spirochaete penetrates the gut wall and lodges 


+ The spirochaetes are classed as protozoa by many writers. 
Organisms of this type are responsible for syphilis amongst other 
diseases. 
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in the body cavity, passing into the developing eggs, and 
thence reaching the first-stage larvae which hatch from those 
eggs. Certain tissues of the larvae are thoroughly infected, 
and the pathogen survives the moulting process; in short, 
the infection is congenital so far as the arachnid host of the 
spirochaete is concerned. 


Transmission of Piroplasms 


A second group of diseases carried by ticks is called 
Babesiosis, and these diseases make themselves apparent 
when organisms called piroplasms are introduced into the 
blood of mammals. The piroplasms constitute an order of 
the Protozoa known as Piroplasmidea and they are para- 
sitic in red blood corpuscles. Their affinity to other groups 
of the Protozoa is doubtful, though the general course 
of the life-cycle resembles that of the malarial parasite 
(Plasmodium). They are at present known to occur only 
in mammals and ticks. 

These virulent piroplasms are of immense importance in 
veterinary medicine. Knowles, for instance, wrote that 
“almost every pariah dog in India suffers sooner or later 
from tick fever and that the majority of pet dogs in India 
are also infected”. So great is the loss of animal life they 
cause that these parasites and their tick vectors constitute 
an economic problem of world-wide importance. In the 
acute form the disease of piroplasmosis is characterised by 
high fever, sweating and a very great destruction of red 
blood corpuscles accompanied by jaundice and marked 
anaemia. The chronic type of infection is lethal when it 
causes prolonged wasting and anaemia. Heavy death rates 
can result; the death rate in redwater fever of sheep, for 
example, is 50°; in East Coast fever of Rhodesian cattle, 
90°: in Texas fever of oxen 70°%. This class of disease is 
confined to mammals, the chief victims being ruminants, 
carnivores and rodents. 

Bahesia bovis, the piroplasm responsible for redwater 
fever of cattle (which occurs in Britain) changes its shape 
during its life history: and may be oval, pear-shaped, round 
or ring-like. Continental and British workers have shown 
that this babesia is transmitted in nature by the common 
sheep tick, /xodes ricinus, and that animals can be infected 
experimentally by exposing them to the bites of immature 
ticks which have fed on infected cattle. Symptoms appear 
five to twenty-eight days after infection; some two or three 
days after that the redwater fever condition is noticed. 
When the disease reaches that stage the urine may be 
coloured red, or almost black in bad cases; but this dis- 
coloration of the urine is by no means a constant feature 
of the disease. The discoloration of the urine is due to the 
release of the haemoglobin from the destroyed blood 
corpuscles as a result of the activity of the parasite. 

This piroplasm ts regularly found in Ireland, the southern 
counties of England, in Wales, northern England and in 
south-western and western Scotland. 

Babesia bigemina, a \arger pear-shaped piroplasm, occurs 
in cattle in the southern states of the U.S.A. The vector is 
the Texas fever tick (Boophilus annulatus), and the tropical 
variety of this species called Boophilus annulatus var. 
microplus. This organism 1s of historical interest; it was 
first discovered by Smith and Kilborne in 1893, and this 
was the first instance in history in which the transmission 
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of a protozoan parasite by an arthropod was observed.* 
The Texas fever tick is more frequent on cattle in the south, 
and is the most abundant tick infesting cattle in that region. 
To prevent their spread the National and State Govern- 
ments maintain quarantines on tick-infested districts, and 
since 1928 inter-state transportation of ‘ticky’ cattle has 
been prohibited, which means that the cattle must be dipped 
prior to shipping. Animals from which ticks were removed 
and kept in a clean condition were enhanced in value by 
approximately some 10 dollars per head, their weight 
increased by about one-fifth, and they are immune to tick 
fever and from the shrinkage which it causes. 

A similar disease occurs along the east coast of Africa, 
where it is known as Rhodesian redwater or African 
coast fever. The causative organism is Theileria parva, an 
organism closely related to the Babesia; unlike Babesia, 
however, it does not multiply in the peripheral blood, but 
within the endothelial cells of the capillaries of the internal 
viscera. The disease may run from twelve to fifteen days, 
and is accompanied by enlargement of the lymph glands 
and swellings under the skin and in the mucosa of the 
intestine; the victim’s eyes and ears discharge. Purging and 
diarrhoea are often apparent, and in the later stages of the 
disease the faeces may contain blood. Before death the 
affected beast becomes stupefied. Lounsbury and Theiler 
demonstrated that the fever may be transmitted to healthy 
cattle by any of the following ticks: Rhipicephalus evertsi, 
which has to feed on two hosts to complete its life history, 
R. appendiculatus, R. simus, R. capensis and R. nitens, all of 
which require three hosts to complete their life-cycle. The 
pathogen causing the disease is not congenital, but it can be 
passed from one stage to the next; if the larvae are infected 
with the parasite, the latter is transferred to the nymph, and 
if the nymph is infected, transference to the adult results. 


The Sheep Tick 


The sheep tick (/xodes ricinus) is the only British tick 
of economic importance, for it conveys diseases to sheep 
as well as cattle. This parasite is, and has probably been 
long responsible for a much greater percentage of the high 
annual losses occurring in hill flocks than was previously 
suspected. In 1932, four British scientists described a 
hitherto undescribed disease of sheep—‘tick-borne fever’, 
caused by a rickettsia-like organism? which enters the 
cytoplasm of the blood cells. This rickettsial disease is 
found on some of the tick-infested farms of Scotland, and is 
characterised by having an incubation period of four to 
eight days, which is succeeded by a febrile stage of about 
ten days, though it may be irregular and prolonged. Al- 
though the death rate is low, it is thought to be responsible 
for setbacks in lambs on tick-infested pastures, and may 
cause abortion to new stock brought on to such pastures. 
Another disease of probably greater economic significance 
is ‘louping-ill’, whose causal agent is a virus. This is trans- 
mitted by the tick from an infected to a healthy individual 
by the process of blood sucking. Usually lambs and hogs 

* The mosquito-malaria hypothesis was produced by Manson in 
1494; in 1897 Ronald Ross discovered malaria cysts in the stomach 
wall of Anopheles mosquitoes, and in 1900 Manson devised experi- 
ments which proved the correctness of that hypothesis explaining 


how mosquitoes transmit the malarial organism. 
* The largest viruses are called Rickettsias (210-280 millimicrons). 
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are mainly affected, but on recovery are immune to further 
attacks. The virus multiplies in the blood of the host and 
gains access to the nervous system and produces a charac- 
teristic collection of symptoms and signs, not confined to 
one organ. Occasionally louping-ill causes severe losses in 
cattle feeding on infested pastures, while pigs and horses 
are by no means immune. In contrast to the parasite which 
causes redwater fever in cattle, this virus does not appear to 
pass through the egg of the tick to the successive stages, and 
infection can only be caused by the nymphs and the female 
ticks. Among native acclimatised stock the annual mor- 
tality is usually below 10% of the lambs, but among non- 
acclimatised stock, introduced on to infected pastures, it 
may be as high as 50-100%. 

It has been suggested that heavy losses occur through 
tick worry; large numbers of ticks on domestic stock setting 
up a constant irritation that makes the animals restless. 
According to Heath (1951) it is difficult to assess the 
degree of irritation caused by ticks, and his observations 
showed that heavily infested sheep have never shown more 
than slight irritation. Infested animals frequently scratch 
and rub against objects, to the detriment of the wool clip. 
Some experts have expressed the opinion that the loss of the 
blood which ticks imbibe from their hosts can cause some 
impoverishment of the circulation if the ticks are present in 
large numbers; it is also suggested that tick-infested animals 
require more food to meet the demands of these parasites 
in addition to their ordinary dietary needs. It is said that 
the constant drain which ticks put on the animal's system 
is often so great, particularly during hot weather, that 
cattle lose flesh even on good pastures and lose vitality 
(such animals are more susceptible to invasion by patho- 
genic organisms), growth is retarded in young stock, and 
they are thin, weak and stunted. In dairy cows, milk yield 
is often much reduced and the hide from heavily infested 
animals is of an inferior grade. Swellings frequently occur 
at the site of the puncture and bacteria may enter the wound, 
producing sores. In heavily infected cattle and young lambs 
the whole of the belly may be covered with such sores. 

There are few authentic records of the British ticks 
causing disease to man, but they are frequently recorded as 
attached to man. In one case, a woman complained of a 
painful lump on the head, and the object was described by 


a relative of the patient as ‘““something white sticking out of 


her scalp, which was creamy white and looked like the 
petal of a lupin’’. The lump, in the parting of the hair, 
proved to be the abdomen of a tick. It was removed by ex- 
cising a small portion of the scalp. The symptoms of attack 
presumably developed very soon after the tick had begun 
to feed and the first indication of attack was the presence 
of this painful lump on the head, a condition which per- 
sisted throughout the period of attachment, becoming 
more severe later. This was accompanied with listlessness 
and restlessness, and sleep was intermittent and troubled. 
Two days after the initial pain a slight muscular weakness 
and gastro-intestinal irritation were manifest. The eyes 
were somewhat glazed, the lids drooped and there was a 
slight trace of nasal catarrh. Twenty-four hours after the 
removal of the tick these symptoms cleared up. 

A recent survey of the occurrence of ticks on human 
beings in Britain showed that four species may be impli- 
cated. The common sheep tick (/xodes ricinus) frequently 
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Fig. 1.—A female Ixodid tick, which has completed feed- 
ing and has commenced to lay eggs. The female in this 
category of tick has a small shield on the back. The 
species shown is Ixodes hexagonus, which is found on 
hedgehogs: it closely resembles the sheep tick, /. ricinus. 
(Photo by A. T. Green.) 


parasitises man in districts where this tick occurs. A 
second species, the hedgehog tick (/xodes hexagonus), which 
is commonly found on hedgehogs in spring and autumn, 
has been found on man on twenty-seven occasions in 
London and the Home Counties. Of these 27 records, 12 
ticks were found on the head and neck, 3 on the back, 
3 on the abdomen and chest and 2 on the limbs. In 7 cases 
we have no knowledge concerning the site of attachment of 
the tick on the body. 

To what extent the tick’s bite is painful 1s not clear, and 
usually the tick is not discovered on the body until it ts 
partly gorged with blood and has swollen to an appreciable 
size. That they may cause annoyance is suggested by the 
number of complaints of bites by occupants of air raid 
shelters during the 1944 air raids. Most of the records from 
these shelters show that the female ticks were the primary 
source of trouble, although larvae and nymphs were re- 
ported on rare occasions. Possibly the rarity of the reports 
of larval and nymphal infection is due to their shorter 
feeding period and their smaller size, whereby they might 
be overlooked more easily. 

A female of another tick, Dermacentor reticulatus, was 
removed from a man at Wallington, Surrey on 22nd April, 
1944. This species is not common and has been recorded 
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from Cornwall, Devon and West Wales; it is infrequent in 
the East of England. 

Five specimens of Haemaphysalis cinnabarina were 
removed by a medical officer from the scalps of two small 
brothers at Lewes, Sussex on 24th July, 1942. This species 
has previously been recorded from Kent and Sussex. 

For nearly fifty years a peculiar disease, sometimes known 
as ‘Rocky Mountain spotted fever’, ‘spotted fever’ or 
‘blue fever’ has been recognised in certain parts of the 
U.S.A., and the germ cause of the disease is a rickettsia. 
This dreaded human disease is transmitted by two American 
ticks, Dermacentor variabilis and D. andersoni, and is now 
reported from thirty-two American states. 

Recent investigations showed that the spotted fever 
occurs as two types (a) an eastern and southern type on the 
Atlantic border where the number of cases reported aver- 
ages about 140 per year, with an annual mortality of about 
25%, (6) a western type in the Rocky Mountain states 
where the death rate is about 70%. The rickettsia is not 
found in the ticks of every locality and even when it does 
occur, only asmall percentage of the ticks are infected. The 
disease, however, does appear here and there in unexpected 
places and when a person is bitten by an infected tick the 
result may be serious, as the mortality rate shows. The 
fear of a disease with such a high ‘killing’ rate extends the 
economic effect of the ticks’ presence beyond the mere 
incidence of the disease, and according to Bishopp has 
adversely affected property values and the resort business 
in districts where these ticks are present. There is con- 
clusive evidence that Rickettsia rickettsii is introduced by 
this tick, and although only the adult normally bites man, 
all stages (larva, nymph, male and female) have proved to 
be efficient intermediaries for the parasite. It has also been 
demonstrated that the germ is passed from the egg to the 
larva. 

Occurrences of this tick are localised and sporadic, and 
usually associated with an abundance of grassy cover in 
which meadow mice can thrive. The larvae attach them- 
selves to rodents and having fed drop off, metamorphose 
to nymphs and re-attach themselves to rodents. After 
dropping off these and transforming into adults they no 
longer pay attention to the rodents and select larger 
animals, especially horses and cattle, although they will 
readily parasitise other large wild and domestic animals and 
man. Probably the original hosts were the elk, mountain 
goats and other wild game of the region, but when these 
were supplanted by domestic animals, the latter became the 
main hosts of these ticks. 

A new South American focus of this disease has been 
identified in Colombia and the causative rickettsia is 
probably identical with that of R. rickettsii. The mortality 
rate is high, about 95°, and the tick carriers are Ambly- 
omma cayennense and Dermacentor nitens. 

Tuiaraemia, a widely distributed plague-like disease of 
rodents occasionally contracted by man and some domestic 
animals in America, is also transmitted by Dermacentor 
variabilis. The disease may affect cattle and sheep; the loss 
of 5000 head of sheep in one year in one locality in Idaho 
has been attributed to it. When this tick feeds rapidly, 
paralysis occurs and both man and his domestic stock may 
be affected. A number of cases of human paralysis caused 
by Dermacentor are on record from North America, and 
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although most of the cases were children, older people were 
also affected. The patient may feel perfectly well one day, 
but within twenty-four hours numbness in the feet and 
legs is felt and difficulty may be encountered in standing up. 
The hands and arms are subsequently affected; partial 
paralysis of the throat and tongue muscles may occur, 
resulting in difficulty in swallowing and speaking. Usually 
the patient is ‘off-colour’ and listless but constitutional 
symptoms are slight. The paralysis is usually confined to 
the locomotory nerves and the special sense-organ nerves 
are rarely affected. If the respiratory and cardiac nerves are 
unaffected, the chances of recovery are good. From the 
beginning of the symptoms to complete paralysis or even 
death may be as short as two days, but more often than 
not they last from three to five days. Usually if the disease 
is not too far advanced, the removal of the tick results in 
the amelioration of the symptoms within a few hours. 

This problem of tick paralysis has been known in calves 
in Australia since about 1825, a similar condition having 
been reported from dogs and human beings in Queensland 
in 1884. These early workers associated the paralysis with 
ticks which live in the scrub vegetation, but only in 1921 
was Ixodes holocyclus recognised as the only causative 
agent. A similar disease was first reported from South 
Africa in 1904 and in the U.S.A. the first record (in a child) 
was in 1898. American investigators have since shown that 
the causative tick here is Dermacentor andersoni. The first 
European occurrence of paralysis was in 1936, when it was 
confirmed in southern Yugoslavia, and again in 1948 in 
Macedonia. Goats, sheep and calves are affected if the 
tick occurs on the head. The tick implicated in southern 
Yugoslavia was Hyalomma aegypticum and in Macedonia 
the tick concerned was Haemaphysalis cinnabarina. So that 
from this necessarily brief resumé it is seen that different 
ticks are capable of producing a similar disease. 

In the quadrupeds the paralysis commences at the hind- 
quarters and then moves forward to the forelegs and associ- 
ated with this is a loss of appetite, dullness and depression. 
In serious infections the nervous system controlling respira- 
tion is also affected and death usually ensues. The virulence 
of the paralysis varies with the tick species; thus for example 
the Australian scrub tick (/xodes holocyclus) exercises a far 
more potent effect than does the American tick (Derma- 
centor andersoni) and in all cases the infection is caused by 
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Fig. 2.—I. An Ixodid tick (male). 
Il. An Argasid tick. 
(The drawings are not drawn to the same scale.) 
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the feeding female. Differences in the toxicity of the poison 
produced by the various females may be due to some patho- 
logical condition of the female, or to some physiological 
hereditary variation or possibly it might be related to the 
time of fertilisation by the male relative to the time of 
attachment of the female to the host. 

Experiments by various biologists have shown that the 
toxin is located within the eggs which are developing in the 
feeding female, and the more eggs produced the greater 
the amount of toxin present. The exact nature of the toxin 
still remains unknown and it may possibly be a normal 
enzyme or hormone which is necessary for egg production. 
This toxin is then passed into the salivary gland by some 
means which is not understood and injected during feeding 
into the host. Whether one attack of paralysis confers 
immunity or not is also problematical. 

Whilst these processes are little understood it is known, 
however, that degenerative changes do take place in the 
nervous tissue of the spinal cord and base (medulla oblon- 
gata) of the brain of the host. With the removal of the 
disturbing agent the nervous tissue regenerates rapidly, if 
the respiratory mechanism has not been upset. 

Paralysis as a result of feeding by Argasid ticks* is also 
known. The fowl tampan (Argas persicus) feeds on ducks 
and geese and usually the onset of paralysis is delayed until 
four or five days after the tick has completed feeding. The 
injury is permanent and more often than not leads to 
death. When fowls are attacked the damage is not so 
severe and the chances of recovery are very high. 

Other ticks, while they may not be disease carriers, can 
be a source of very severe discomfort. The bites, for 
example, of the Pacific Coast tick (Ixodes pacificus) produce 
very painful sores and may cause slow-healing ulcers that 
defy treatment for months. The skin around the feeding 
puncture of this tick is hard and white, with an inflamed 
zone around it, and in many instances the limb may be 
distended. 

Conor and Brusch in 1910 first described a similar tick 
malady known as the ‘fi¢évre boutonneuse’, prevalent in 
Tunis and in certain other parts of the Mediterranean 
littoral. The name ‘boutonneuse’ refers to the formation 
of a nodule on the leg, so frequently associated with the 
disease in its early stages. Here the responsible carrier is 
the dog tick, Rhipicephalus sanguineus, and as many as 
30° of these animals may carry a latent infection. 

Two other tick species, Amblyomma maculatum and 
Otobius megnini, are of interest, not because they them- 
selves carry disease, but because they “‘prepare the ground” 
for other invaders. Now both these species live on the inner 
surface of the external ears of various animals. They 
obviously cause irritation, much scabbing and cracking of 
the skin, a condition which is distinctly detrimental to live- 
stock. The puncture made by the tick does occasionally 
become infected with pus-forming organisms which gives 
rise to a condition known as ‘ear-canker’. The wounds on 
the ear attract the screw-worm fly. The effect of the large 
number of ticks in the ear is to cause swelling, and the ear 


_* Ticks can be divided into two main categories. The Ixodid 
ticks have a dorsal shield, whereas the Argasid ticks lack such a 
Shield. There are other morphological differences. 
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Fig. 3.—Sheep dips used to remove ticks commonly 
contain arsenic. The trend is now towards dips containing 
insecticides (such as derris, or DDT plus BHC). 


cannot be flicked. Consequently the screw-worm fly ts 
allowed to lay eggs undisturbed. The larvae emerging from 
the eggs burrow into the tissue of the ear and the resultant 
exudations serve to attract other flies. The larvae become 
SO numerous that the ear may be entirely eaten away in a 
few days, and the discharges may affect the nose, throat 
and eyes. Fairly rapid killing of the larvae may, however, 
leave a drooping ear—‘gotch ear’—because of the destruc- 
tion of the supporting cartilage. 

From this brief survey of ticks in relation to diseases of 
man and his stock, it is obvious that for a suitable environ- 
ment in which to develop to the best of man’s ability every 
effort should be made to combat these disease vectors either 
by cultural practices or else by a stricter adherence to the 
principles and practices of hygiene. Fortunately, such 
improvements have already been inaugurated and far 
greater attention is now being focused on research into 
these problems than has hitherto been the case. 














AERIAL SURVEY made great strides during the last war, and 
the whole technique of photogrammetry—the plotting of 
the position of geographical points from air photographs— 
advanced rapidly in response to military needs. New radar 
aids made it possible to take sets of aerial photographs 
which represented a distinct improvement, from the survey- 
ing point of view, on what had been possible before the 
war, and there was corresponding development in the 
optical apparatus which is involved in the process of con- 
verting aerial photographs into maps. By 1945 maps could 
be produced from air photographs that reached a standard 
of accuracy comparable with that of ordinary maps based 
on ground survey. 

Britain's Colonial Survey has made good use since the 
war of aerial survey in unmapped territories, but an even 
more remarkable application of this rapid method of map 
making can be found much nearer home. At the end of the 
war, Greece was a land without maps. During the occupa- 
tion, the Germans had destroyed the master plates of nearly 
every map of Greece. What was to be done? Good maps 





















Mapping Greece from the Air 


were essential to reconstruction: civil engineers could not 
work without them. But remapping the country by ordinary 
means would have taken twenty years. The need was 
desperate. 

The answer was to make maps from aerial photographs. 
In a period of two years, over four hundred maps have been 
produced—some to a scale of 1:20,000 or about three 
inches to the mile; others to the more enlarged scale of 
1: 5000 or roughly twelve inches to the mile. 

All the proposed transmission line routes and reservoir 
and dam sites involved in the nation’s big electrification 
programme were mapped in this way. So, too, has been the 
land involved in the land-reclamation projects throughout 
Greece. Aerial survey has provided maps for mining 
engineers, and for water-supply companies; many destroyed 
towns and villages scheduled for reconstruction have been 
surveyed in the same way. 

Aerial mapping is fairly simple in principle; though 
difficult to execute properly. The aeroplane flies from 150 
to 200 miles an hour, at altitudes varying with the map 
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Fic. 1.—Ideally an aeroplane taking a succession of vertical aerial photos to be used for map making should fly along a dead 

straight track at constant altitude; in practice this does not happen—the plane may, for instance, be tilted when a particular 

exposure is made. When preparing the positive print, distortion of this type can be corrected in this instrument, calied a photo- 
rectifier. 

FiG. 2.—The positive prints are cut and pieced together to give a mosaic. This photo shows results of an aerial survey of the 
Evros River Valley on the Greek-Turkish border where the two nations have jointly planned a land-reclamation scheme. 
FiG. 3.—These machines enable the operators to calculate exact heights of mountain peaks, etc., shown on aerial photos; contours 
are traced by the plotting device in the foreground. 

Fic. 4.—The operation of the plotting machines requires intense concentration, and the operators work 4-hour shifts. 

FiG. 5.—This machine converts the aerial survey results into solid relief maps made in plaster. 


scale desired. The plane's camera automatically takes 
200 exposures an hour, each timed so that it overlaps the 
previous one by about two-thirds. The camera can take 
500 exposures before reloading, and can photograph about 
100 square miles in an hour. 

The dark-room work demands great technical skill. The 
developed negatives are placed in a machine called a 
rectifier which adjusts them to correct scale and position, 
besides eliminating camera tilt and ‘crab’—caused by a 
crab-like, sideways movement of the aeroplane. If desired, 
negatives can be enlarged up to five and a half times. 
These rectifiers are expensive, costing around £5000 each. 

The positive prints from the rectifier are then trimmed 
and pieced together to make a mosaic of the whole area. 

More complicated is the making of photographic maps. 






















The negatives taken by the aerial camera are turned into 
pairs of glass plates called diapositives. Viewed together in 
a plotting machine which costs over £15,000, these twin 
plates give the illusion of the third dimension, to enable 
Skilled operators to judge the actual heights of objects and 
terrain. The contour lines are carefully traced with pencils 
on sheets of celluloid, giving the exact elevation of hills 
and valleys. To guide him in this work, the operator has 
knowledge of the exact heights of many ‘control points’ in 
the area which were previously calculated by teams of 
ground surveyors. 

Already, nearly a third of the Greek mainland has been 
mapped in this way—just One more example of the way the 
aeroplane can serve mankind. 

R. BUTLER. 





As planes fly higher, meteorological services have extended their 
coverage to-take in the upper air. In Britain the weather in that 
region is the concern of a special section of the Meteorological 
Office. This article, dealing with the discovery of high-speed winds 
at very high altitudes, is by the head of the corresponding section of 
the U.S. Weather Bureau. 


The Jet Stream 





JEROME NAMIAS 


WHEN B-29s first began to raid Japan during World War 
II, the crews of the bombers came back with a story that 
meteorologists found hard to believe. The pilots reported 
that in some bombing runs at 20,000 to 30,000 feet their 
ground speed was almost zero—the planes were virtually 
standing still. And when they turned down-wind after their 
bombs were away, their ground speed was about twice the 
air speed indicated by their instruments. These reports 
were subsequently confirmed, and when high-altitude 
weather studies in other parts of the world disclosed winds 
of 200 to 300 miles per hour at around 30,000 feet, 
it became clear that the bombers had encountered a 
previously unsuspected and spectacular meteorological 
phenomenon—the jet stream. 

We now know that between 10,000 and 40,000 feet above 
the surface of the earth there are narrow filaments of air 
moving at high speed for thousands of miles. These strange 
winds attain their highest velocities between 30,000 and 
40,000 feet, and they move in a general westerly direction. 
Often the individual jet streams connect with each other 
to form a great river of rushing air which girdles the 
hemisphere in a meandering course between the Arctic 
Circle and the Tropic of Cancer. 

The tremendous extent of the jet streams meant that we 
could not learn of their existence until high-altitude wind 
measurements were made, not only regularly, but also over 
the entire Northern Hemisphere. In the early 1940s the 
U.S. Weather Bureau’s Extended Forecast Section made a 
start toward hemispheric weather charts for the upper air. 
It was the wartime military need for weather information, 
however, that finally brought into being a network of 
hemisphere-wide probing stations complete enough to give 
a fairly accurate picture of the circulation aloft. This 
picture soon revealed the narrow, high-speed jets. The 
discovery fascinated meteorologists, and the jet stream 
became the object of intensive research. A group at the 
University of Chicago, under the distinguished Swedish- 
American meteorologist C. G. Rossby, took up the first 
full-scale attack on the problem in 1946. Since then many 
others have studied it; we now have a reasonably complete 
description of the phenomenon, although its origin is still 
obscure. 

The jet stream, it must be understood, is not an occasional 
atmospheric freak but an ever-present, though varying, 
component of the general circulation of the atmosphere. 
Let us briefly consider this circulation. The great wind 
systems are caused by the fact that the earth receives more 
heat in equatorial regions than at the poles. Winds are 
nature’s attempt to distribute the heat more uniformly 
and thus prevent impossible accumulations or deficits. 
Because the sun’s elevation changes during the year, the 


character of the atmospheric circulation also changes 
seasonally; and because of the uneven distribution of land 
and water over the globe, the wind systems vary regionally 
in a longitudinal as well as altitudinal sense. 

On the average, however, the winds fall into quite regular 
patterns. Those at the surface of the earth are shown in 
Fig. 1. Here we find the three great average wind systems: 
the north-east trades blowing from the subtropics towards 
the Equator, the prevailing westerlies of middle latitudes, 
and the polar easterlies. Between the westerlies and the 
trades are the horse latitudes, which received their name 
from the fact that old-time sailing ships, becalmed for days 
in these waters, often had to throw horses overboard to 
reduce ballast. 

As we move upward from the surface of the earth the 
picture changes radically. In Fig. 2 is a schematic portrayal 
of the typical winds of the Northern Hemisphere at a level 
of about 40,000 feet. Here we find that most of the air- 
flow is from a westerly direction with speeds increasing 
from the pole southward until they reach a maximum at 
around 30 degrees North, and then declining rapidly to a 
region where weak easterly winds may be encountered. It 
is the zone of strongest winds which is the jet stream. This 
stream is thus a vital part of the circum-polar vortex—the 
great whirl of west winds around the pole. It is interesting 
to note that the belt of strongest winds at these high levels 
lies directly over the calmest belt at the surfaces, the horse 
latitudes. 

Averages of wind-flow for different elevations and differ- 
ent seasons show that in general the peak strength of the 
westerlies, the jet stream, is usually reached at about 40,000 
feet. It is found just below the base of the stratosphere both 
in winter and summer, and hence varies somewhat in height. 
The jet moves with the seasons, however. It shifts from 
about 25 degrees North latitude in winter to about 45 
degrees North in summer, and in so doing falls off to less 
than half its wintertime speed. 

Corresponding data for the Southern Hemisphere are 
not yet available in such completeness. F. Loewe and U. 
Radok of Australia and V. W. Hutchings of New Zealand, 
however, have found that a quite similar wind pattern 
prevails in their sector of the hemisphere. The similarity 
includes a poleward migration and weakening of the jet 
stream in summer. 

The jet stream does not move at the same speed over all 
its length. For example, its chart for January (Fig. 3) 
shows that during the winter the highest speeds are gener- 
ally found off the Asiatic coast, not far from the area where 
the B-29 bombing crews encountered their extreme winds. 
Another strong wintertime jet appears to run from North 
Africa to the Indian Ocean. In the summertime 
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Fic. 1.—Surface winds of the Northern Hemisphere usually follow the above pattern. North of the Equator 
are the trade winds, then the mid-latitude prevailing westerlies and finally the polar east winds. 














0° 


Fic. 2.—High-altitude winds move in a different pattern. At 40,000 feet westerlies cover most of hemisphere 
their speeds increasing from the pole southward until they reach a maximum at about 30° North latitude. 
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corresponding charts show a northward migration and 
weakening of the jet axes, and the regional differences are 
less marked than in winter. 

The conditions we have described at 40,000 feet hold, in 
general, down to about 10,000 feet. The average wind-flow 
is fairly constant in direction, but slows up with decreasing 
altitude. At 10,000 feet the winds move only a third or a 
fourth as fast as they do at 40,000 feet. 

Aside from seasonal variations in the circulation of the 
upper air, there are large irregular variations, so that the 
conditions prevailing for a day, a week or even a month 
can be quite out of the ordinary. It is these irregular varia- 
tions that cause anomalous periods in the weather. In 
broad outline the major non-seasonal changes take the 
form of great expansions and contractions of the circum- 
polar vortex, during which the jet radically changes form 
and position. The periods when this happens, called index 
cycles, often last from four to six weeks. A typical cycle 
is shown in Fig. 4. 

In the first stage the jet stream lies well to the north of its 
normal position and has undulations of fairly small 
amplitude; the strong west winds imprison the cold polar 
air masses to the north, and the temperate latitudes are 
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Fic. 3.-—Jet-stream chart for the month of January 
shows average wind positions and speeds between 
35.000 and 45,000 ft. during the month. Two main jets 
are to be seen, one starting off the west coast of North 
Africa and extending two-thirds of the way around the 
Northern Hemisphere to a point in the Pacific below 
Alaska, the other running from Lower California across 
Mexico and the southern U.S. and ending in mid- 
Atlantic Ocean. 
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bathed in relatively mild air from the oceans. Then, in the 
second stage, the amplitude of the waves increases and the 
mean latitude of the jet stream moves south. There are 
corresponding intrusions of polar air southward and tropi- 
cal air northward. Next there is a further increase in 
amplitude of the jet, accompanied by strong north-south 
movements of polar and tropical air masses, causing great 
longitudinal temperature contrasts. The mean position of 
the jet has moved further towards the Equator. Finally, 
in the fourth stage of the cycle, the waves in the jet have 
increased their amplitude so much that pools of polar 
and tropical air are cut off. Now come the periods of 
‘topsy-turvy weather’ when Alaska may be warmer than 
Florida. In this final stage an initially wave-like pattern of 
westerlies has been transformed into a cellular pattern. 
Each of the stages may last about a week, with smaller 
superimposed daily fluctuations. The last stage often 
persists longer. 

The great convolutions of the jet stream represent 
nature’s principal method of exchanging air between polar 
and tropical latitudes. Were it not for this exchange the 
equatorial regions would become increasingly and im- 
possibly hot. 

_ Turning from the broad behaviour of the jet stream to its 
detailed structure, we find that it is far from homogeneous. 
Eric Palmén, a Finnish meteorologist who has made the 
most complete analyses, has shown that horizontally across 


the jet and vertically through it are large and abrupt varia- | 


tions in wind speed. For example, a change of 100 m.p.h. 
across a distance of 150 miles is not uncommon, nor is a 
100-m.p.h. increase from 20,000 to 30,000 feet. Studying 
summertime jets over North America, Rossby has found 
them to consist of ‘‘elongated, slowly progressive and nearly 
parallel streaks of high wind separated from each other by 
belts of much weaker air motion’’. As more detailed studies 
are made with the help of finer-grained networks of obser- 
vations the picture may prove even more complex. Indeed, 
some meteorologists feel that present equipment is too 
coarse to probe the very refined structure of the jet. 

Meteorological elements other than wind speed are also 
spectacularly distributed in the jet stream. Horizontally 
across it at levels from 10,000 to 40,000 feet the temperature 
changes very rapidly from unseasonably warm to abnorm- 
ally cold. The boundary between the lower atmosphere and 
the stratosphere, called the tropopause, which normally 
slopes from about 60,000 feet over the Equator to 30,000 
feet over the pole, may, in the neighbourhood of a strong 
jet stream, abruptly change its elevation by this much 
within a distance of a few hundred miles. In these cases the 
tropopause is said to be fractured or discontinuous. 

Such are the facts. When we turn to ask for an explana- 
tion of them, we find that meteorology cannot yet tell us 
much. Two theories have been proposed, one by Rossby 
and the other by two U.S. Weather Bureau meteorologists, 
P.F. Clapp and myself. Rossby’s theory is the more elegant 
in that it is built on a more rigid mathematical and physical 
framework. It explains the jet stream as the result of large- 
scale horizontal mixing processes brought about by the 
cyclones and anticyclones of the middle latitudes. Since 
mixing occurs only in temperate latitudes, where cyclones 
and anticyclones are active, and not in tropical and 
sub-tropical latitudes, a boundary to the mixing zone is 
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Fic. 4.—Disturbance in the behaviour of the jet stream brings periods of unusual weather. The typical 

sequence of change, called an index cycle, is shown in this series of diagrams. The undulating river of 

air goes into increasingly large oscillations. North of this stream lies the cold mass of polar air, which the 

oscillations gradually carry into latitudes farther south. Finally the waves break loose leaving cells of cold 
air in the south. 


established. Rossby shows mathematically that at this 
boundary the speed of the west wind must reach a maximum 
and then fall off abruptly. Some observations in the way 
in which winds vary with latitude are in good agreement 
with Rossby’s calculations. 

Our theory is mainly descriptive and qualitative, but to 
many practising forecasters it seems more useful. It con- 
tends that the jet stream is due to the confluence of vast 
streams of equatorial and polar air to great heights. These 
Streams are brought together by different patterns of flow 
in high and low latitudes, the patterns being determined in 
part by mountains, land and water boundaries and so on. 
When these warm and cold air masses are brought side by 
side, the resulting pressure differences set up a strong 
circulation of air which may develop into the strength of a 
jet. Thus the jet is looked upon as a zone in which the 
prevailing westerlies aloft are brought to peak strength by a 
localisation of temperature contrast through a deep layer. 
The location of the principal average jets of winter along 
and off the coastlines of Asia and North America, where 
cold continental air often flows next to warm oceanic air, 
would seem to lend support to this theory. 

Neither theory, however, accounts for all the facts; 
neither is complete enough for detailed weather prediction. 


This is unfortunate because a thorough understanding of 
the jet stream would have great utility, particularly in 
aviation and in long-range weather forecasting. With air- 
craft flying ever faster and higher it becomes increasingly 
important to know accurately the conditions of the atmo- 
sphere up to about 50,000 feet. Tail or head winds, for 
example, may be critical factors in jet-plane flight because 
of the limited fuel supply of these craft. If a flier could 
ride a jet stream going his way he would extend his cruising 
range enormously. But with present facilities we cannot 
even find the jet stream in many parts of the world. It is so 
narrow that only a dense network of upper air soundings 
can be depended upon to spot it. Naturally it is impossible 
to forecast where a jet stream is going to be if the forecaster 
is not aware of its existence. Fortunately over many 
important areas, for example North America and Europe, 
observations are sufficiently dense to detect the jets. When 
we do find them we can usually forecast their behaviour ina 
general way for periods about a day in advance. The 
North Atlantic is now covered by a sufficient number of 
weather ships to allow reasonably good estimates, but 
many large areas of the Pacific are still meteorological 
no-man’s lands. 

Also limiting the usefulness of jet streams in aviation ts 
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the unpredictable presence of isolated areas of severe 
turbulence. Pilots of British European Airways who 
have flown in these currents report that with no warning 
their planes are suddenly subjected to a series of short, 
sharp, hammering blows. The turbulent regions usually are 
between 50 to 100 miles wide and about 3000 feet thick. 
To escape such a buffeting the pilot must climb or descend, 
or travel cross-wind, but in doing so he naturally loses 
much of the power of the jet stream. 

It is not only aviators who are affected by the violent 
and unpredictable behaviour of the jet stream. All of us 
on the surface of the earth feel its influence, albeit less 
directly. The great Polar Front, which separates the 
tropical from the polar air masses in the lower layers of the 
atmosphere, generally intersects the earth’s surface a few 
hundred miles south of the upper jet. Since the Polar 
Front is intimately associated with the weather, particu- 
larly storms and rainfall, the jet stream is an important 
element in these phenomena. 

Just what part it plays is difficult to say, since the Polar 
Front, jet stream and storms are so intertwined that the 
question of cause and effect is highly controversial. 
Cyclones frequently intensify after running along below a 
jet stream, and rainfall is likely to be concentrated below 
the jet. But whether the rainfall can be attributed to the 
action of the jet independent of the Polar Front and of the 
movement of the cyclone below is doubtful. The jet stream 
is frequently associated with the birth and later intensifica- 
tion of cyclones. Weather forecasters are on the watch for 
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this, but they also know that a strengthening cyclone may 
modify the location and structure of the jet stream appre- 
ciably. We have here one of the ‘feedback’ mechanisms 
which are so useful in technology but are often disconcert- 
ing in meteorology. In a general way, however, the jet 
streams may be considered to steer cyclones (storms) and 
anticyclones (fair weather areas) across the weather map. 

The jets also put in motion those vast air masses whose 
transit across the continent brings sustained warm or cold 
spells. A particular pattern of the jet stream may some- 
times persist, with brief interruptions, for weeks on end. 
When this happens we get long spells of abnormal weather 
such as may bring on droughts or floods. 

What makes jet streams repeat their performance during 
a particular month and what causes their often striking 
differences in behaviour from one month to the corre- 
sponding month of the following year are questions that 
remain unanswered. Some meteorologists think the solu- 
tion is in variations of solar radiation, possibly associated 
with sunspots. Others believe that variable ocean tempera- 
tures, particularly in the Gulf Stream and the Japan 
Current, are responsible. 

Fortunately there is usually some regularity in the 
evolving jet-stream complex, especially when its behaviour 
is averaged over a week or more. Thus the long-range 
forecaster can utilise jet streams even though he is ignorant 
of their basic causes. Obviousiy, however, his predictions 
must be far from perfect until he knows what these causes 


are. 


(This article is published by special arrangement with “Scientific American’’.) 


Cajal: Spain’s only Nobel-prizewinner 


ALTHOUGH even the veriest tenderfoot amongst medical 
students has heard of Camillo Golgi, few, even of the fully 
fledged, know the name of Santiago Ramon y Cajal. Yet 
Cajal did as much, if not more, to lay the basis of our 
modern knowledge of the minute structure of the nervous 
system than Golgi, the remembrance of whose name is 
so well ensured. Indeed specialists in his own field of 
neurohistology, the study of the microscopical structure of 
the nervous system, still refer to him as “‘the past master” 
and “‘one of the most illustrious histologists of our times”. 

But Cajal was more than a fine histologist, he was a great 
neurologist and a fine experimenter. Although he was the 
maestro of the microscope, it had no dominion over him, 
but was always used as a tool by whose means he could 
find out more about the function and mechanism of the 
nerve tissues he studied. It was because of this functional 
outlook which pervaded all his studies that he was greater 
than Golgi. Golgi, by his invention of the technique for 
staining nerve tissues using silver nitrate, opened up a new 
field of study. But it was Cajal who developed the possi- 
bilities of the method to lay the ground work for the new 
science of genetic neurology—the study of the develop- 
ment, growth and regeneration of the nervous system. 

When Cajal and Golgi shared the 1906 Nobel Prize for 
Physiology and Medicine, Cajal was still actively working, 
but Golgi had long since ceased his researches. 

Santiago Ramon y Cajal was born on May Day (May Ist) 
in 1852 in the fortress town of Pamplona, capital of the 


province of Navarre. In due course he went to Saragossa 
University where, after graduation, he commenced his 
research. 

When only twenty-nine, he was appointed Professor of 
Anatomy at Valencia University. But he did not spend long 
amidst the domes and spires of this most oriental of Spanish 
cities, for in 1886 he was appointed Professor of Histology 
at the University of Barcelona. It was here that he under- 
took and published his work on the nerve cells in the grey 
matter, and that he made his discovery of the unity of the 
nerve fibres and their protoplasmic processes. 

In 1889 he published his first major work—Elemento de 
Histologia normal y de Técnica Micrographa. Three years 
later he became Professor of Histology and Pathological 
Anatomy at Madrid, a post which he held until his death 
in 1934. 

It is fitting to end these brief remarks on Cajal by a 
quotation from his last paper, published in 1936, two years 
after his death. It reflects the driving force that motivated 
his own never-ending search and his dissatisfaction with 
the finality of all he achieved. It is typical that he states a 
problem of work to be done. ‘“‘We must never forget that 
our knowledge of the nervous system is still very incom- 
plete and that the leading thought of the histologist must be 
a wise scepticism. A science which acquired its methods 
only forty years ago cannot already possess the key for the 
understanding of its structure, which will be the greatest 
problem for years to come.” 
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This is the second article in a series of four contributions by 
Dr. Crombie dealing with the stages by which modern scientific 
method was developed. 


‘The Invention of the Experimental Method 





A. C. CROMBIE, B.Sc., Ph.D. 


THE triumphs of modern science have come largely from 
the use of the experimental method to find scientific 
explanations of phenomena. Essentially it is a method of 
interrogating Nature; of forcing her to answer the precise 
questions which we ourselves decide will help us to solve a 
problem. The scientific investigator approaches Nature, 
as the eighteenth-century German philosopher Kant put 
it, ‘not in the character of a pupil, who agrees to every- 
thing the master likes, but as an appointed judge, who 
compels the witnesses to answer the questions which he 
himself proposes’. The appointed judge of science makes 
his interrogation by means of the inductive and experi- 
mental procedures comprising what we call the ‘experi- 
mental method’. These have two essential purposes. The 
first is to discover, define and classify the ‘facts’, that is the 
various regularities or correlations of events or attributes 
present in a phenomenon, so that the investigator can 
state precisely the problem to be explained. Rather like a 
calculating machine, science can solve problems only when 
provided with information in the correct form. The second 
purpose of the experimental method is to test the theories 
advanced as possible explanations. 

The Greeks themselves laid the foundations of the pro- 
cedures used for both these purposes. Their great intellec- 
tual invention of scientific explanation itself brought them 
immediately up against these questions of determining the 
data of a problem, and of constructing and testing the 
theories from which their deductive explanations were to 
follow. One of the most fundamental characteristics of all 
experimental science was described in detail by Plato and 
Aristotle, when they showed how the argument always 
alternates between induction, ‘ascending’ from the facts 
to a theory, and deduction, ‘descending’ again from the 
theory to the facts and explaining them. 

The principle that theories were to be tested against 
observation, and that they were to be accepted only if, to 
use Aristotle’s phrase, they ‘‘saved the phenomena’’, was 
consistently applied throughout Greek science. Aristotle 
asserted that “‘credit must be given rather to observation 
than to theories, and to theories only if what they affirm 
agrees with the observed facts’. Aristotle used this prin- 
ciple in all his own work. 

Besides their use of experiment to criticise theories 
advanced to explain observed facts, the Greeks also made 
some important contributions to procedures for defining 
the data of a problem and for finding possible theories. 
Their major contributions were four in number. 

The first was the procedure, described by Plato and 
Aristotle, for classifying objects or phenomena into their 
species and genera according to their likenesses and 
differences. This is the basis of all inductive argument. 
In his zoological writings Aristotle gave many practical 
examples of comparing and classifying animals according 


to morphological resemblance and to type of reproduction, 
and of comparing and classifying organs in different 
animals according to structure and function. Sometimes 
he arranged special experiments for this purpose, as in his 
work on embryology. Theophrastus carried Aristotle’s 
methods into botany, and between them they laid the 
foundations of biological systematics and of comparative 
morphology and embryology. Similar work on the classifi- 
cation of diseases according to their symptoms is described 
in some Hippocratic medical books. 

The second procedure used by the Greeks for defining 
the factual data of problems was systematic measurement. 
The main purpose of this procedure is to provide informa- 
tion about concomitant variations in the different elements 
comprising a phenomenon. The Babylonian astronomers 
had systematically observed and measured the relative 
positions of the heavenly bodies, and noted their changes. 
The Greek astronomers improved on their methods, and a 
few Greek physicists carried the procedure into other 
fields. An outstanding example is Ptolemy’s measurement 
of the angles of refraction of light, with angles of incidence 
increasing by intervals of 10 degrees, at the interface 
between air and water, air and glass, and water and glass. 
Using a specially designed instrument, he tabulated results 
comparable with modern figures. 

The third, and perhaps the most fruitful of all these 
Greek procedures, was the use of what was called ‘analysis 
and synthesis’ to find theoretical explanations of observed 
facts. As applied to a physical problem, the heuristic use 
of analysis and synthesis is well exemplified by Archi- 
medes’ account, in his Method, of how he found theorems 
for the centres of gravity of various solid figures. First he 
established what Aristotle had called “the fact’; by 
balancing a material figure of the required shape on a knife- 
edge, he determined empirically the precise locus of the 
centre of gravity. He then cast about for theorems to 
provide ‘‘the reason for the fact”’. 


For certain things first became clear to me by a 
mechanical method, although they had to be demon- 
strated by geometry afterwards because their investiga- 
tion by the said method did not furnish an actual 
demonstration. But it is of course easier, when we have 
previously acquired, by the method, some knowledge of 
the questions, to supply the proof, than it is to find it 
without previous knowledge. 


This procedure amounts to setting up a hypothesis to 
explain a phenomenon, and then submitting it to rigorous 
tests. 

Fourthly, the Greeks made use of models, and of analo- 
gies with familiar processes, to suggest explanations of 
obscure or intractable phenomena. For example, in the 
fifth century B.c. Empedocles likened human respiration 
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Fic. 1.—The back of an Arab astrolabe, typical of the 
early thirteenth century. This instrument was designed 
for use in latitudes from zero to 48°. The rere, the elab- 
orately cut-away movable plate lying inside the outer 
graduated circle and over the plate marked with a stereo- 
graphic projection of the celestial sphere, has 37 fixed 
stars, represented by the points of the curly appendages. 
The main use of the astrolabe was as a portable time- 
piece. Its great convenience was that time could be read 
directly off the instrument itself after a rotating pointer 
(the alidade, on the front of the instrument and therefore 
not seen here) had been directed at a particular star. (By 
courtesy of the Curator of the Museum of the History 
of Science, University of Oxford.) 





to the rhythmic action of a water-clock, into which air 
could enter as water escaped. The Stoic philosopher 
Posidonius tried to explain the formation of a rainbow by 
supposing that a cloud acted as an enormous concave 
mirror reflecting the sun’s rays. 

The Greeks used these procedures with complete success 
when dealing with problems in which the premisses for a 
deductive explanation were fairly obvious and could be 
accurately formulated. Perhaps their primary interest in 
the deductive explanations, as opposed to the facts ex- 
plained, led them to select essentially simple problems. ‘‘In 
contrast with modern science’, Heidel writes in his 
admirable Heroic Age of Science, 


the use of experimentation to break up a complex 
phenomenon into its component elements was rare, if 
not unknown, in ancient times. In like manner the 
quantitative relations, which can be determined only by 
experiment, were but rarely investigated and laws 
capable of mathematical statement were formulated in 
few fields. Consequently the advantage of carrying on 
extensive experiments under varying conditions and with 
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different but related materials was virtually unknown to 
the Greeks... But... this is precisely what was to be 
expected. Methods and techniques are developed in 
response to the demands of investigation. 


Contributions to Empiricism 


The modern experimental method, developed from these 
Greek procedures in direct response to the fresh demands 
of investigation imposed by the particular interests of the 
Eastern and Western peoples who inherited the Greek 
scientific tradition, was established as the basic method of 
scientific research in two main stages. In the Middle Ages, 
qualitative procedures were devised for breaking up a 
complex phenomenon into its component factors and for 
constructing and testing theories to explain the production 
of the phenomenon from those factors. The method was 
completed in the seventeenth century by the general use of 
systematic quantitative procedures to render problems 
capable of mathematical statement and of solution by 
mathematical theories. 

During the eighth and ninth centuries the main body of 
Greek science was translated into Arabic; during the 
twelfth and thirteenth centuries it was translated, from both 
Greek and Asabic, into Latin, the language of scholarship 
in the West until the end of the seventeenth century. The 
peoples of both the Arabic and the Latin cultures of the 
Middle Ages were intensely empirical in outlook. This is 
shown by their contributions to technology, in which it is 
perhaps possible to see a revival of the utilitarian interests 
of the pre-Greek civilisations. For example, the Arabs 
discovered an enormous amount of information about the 
properties of metals, acids, dyes and other chemical sub- 
stances. The Latin Westerners either invented, or im- 
proved and used cn a comparatively large scale, machinery 
that made the medieval West the scene of an early industrial 
revolution: water-mills, by the end of the eleventh century 
numbering 5000 in England alone according to Domesday 
Book, were used for fulling cloth, for winding and pumping 
in mines, and for driving forge-bellows; windmills were 
used for grinding corn; new building techniques raised the 
great cathedrals; firearms and printing, both introduced 
from China, were vastly improved by superior Western 
metallurgy; spectacles and the mechanical clock were 
invented. 

The same empiricism, an intense interest in exact know- 
ledge of the multitudinous details of the observed world, 
is seen in the work of medieval Arab and Western scientists, 
especially of those who dealt with practical problems. As 
a result, in their search for theoretical explanations of 
phenomena, they developed just those experimental pro- 
cedures that were unknown or rare in Greek science. 

An outstanding example of an original and systematic 
Arab experimental scientist was Ibn Al-Haitham (known 
in Latin as Alhazen), who was born at Basra about 965 and 
died in Cairo in 1039. Alhazen made an elaborate experi- 
mental and mathematical study of plane, spherical and 
parabolic mirrors, using steel mirrors made on a kind of 
lathe; he discussed spherical aberration. With another 
specially designed instrument he repeated Ptolemy's 
measurements of refraction and corrected the mathemati- 
cal law Ptolemy had proposed, though without formulating 
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the modern so-called ‘sine-law’. He also made a detailed 
study of the camera obscura, and gave a long account of 
the mechanism of the eye. In other sciences besides optics 
Arab scientists also made important advances by the use of 
experiment. The writings attributed to the eighth-century 
chemist, Jabir ibn Hayyan (Geber in Latin), contain 
descriptions of distilling apparatus, sand-baths and water- 
baths, crystallisation, sublimation, and the preparation of 
steel and hair-dyes. Rhazes, who died about 924, made 
a systematic classification, based on experimental studies, 
of chemical substances and reactions. Arab astrono- 
mers virtually created the astrolabe (Fig. 1), invented 
new observing instruments, and made systematic astrono- 
mical tables. Arab physicians carried on Greek clinical 
methods in the study of disease, outstanding examples 
being Rhazes’ description of measles and the classification 
of diseases made about a century later by Ibn Sina 
(Avicenna). 


The Qualitative Experimental Method of the 
Middle Ages 


The first significant advances on the Greek theory of the 
methods of induction and experiment, as distinct from the 
use of experimental procedures, were made by Western 
natural philosophers who were heirs to both Greek and 
Arabic scientific thought. The first important work was 
done by an Englishman, Robert Grosseteste, a prominent 
figure in the young University of Oxford who became 
Bishop of Lincoln in 1235 and died in 1253. He was 
followed by other scholars of the medieval schools and 
universities: Albertus Magnus of Cologne and Paris and 
Roger Bacon of Paris and Oxford in the thirteenth century; 
William of Ockham of Oxford in the fourteenth century; 
and scholars working at Padua and the German universities 
in the fourteenth and fifteenth centuries. 

Some of these scholars were primarily logicians; others 
were also experimentalists who put the new method into 
practice. The experimental method they devised was essen- 
tially a qualitative elaboration of the Greek method of 
analysis and synthesis, into which the other Greek pro- 
cedures were incorporated fortheirappropriate purposes. As 
Grosseteste put it in his commentary on Aristotle’s Physics: 


The natural way for us to reach knowledge of prin- 
ciples [explaining phenomena] is to go from. . . whole 
phenomena following from the principles, to the 
principles themselves. . . . The way of knowledge is from 
confusedly known whole complete phenomena. . . into 
the parts from which it is possible to form a definition 
of a phenomenon, and from the definition to return 
to determinate knowledge of the whole phenomenon. 


The method followed a definite order. The first pro- 
cedure, known as resolutio (the Latin translation of the 
Greek work for ‘analysis’), was to sort out and classify, 
by likeness and difference, the component principles or 
factors of a phenomenon (simple or complicated) so that 
the conditions necessary and sufficient to produce the 
phenomenon could be defined. This corresponded to 
Mendel’s experimental analysis leading up to the formula- 
tion of his genetic ratios. An especially detailed account 
of the logical procedure for experimentally isolating and 
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defining these conditions was given by William of Ockham 
in his commentary on the Book of Sentences; he formulated 
what J. S. Mill was to call the Method of Agreement and 
Difference: 


This is sufficient for anything being an immediate 
cause, namely, that when it is present the effect follows 
and when not present, all other conditions being the 
same, the effect does not follow . . .; when an effect 
occurs whether a certain cause is present or not... this 
cannot be considered a cause. 


On the basis of the definition, or empirical generalisation, 
thus formulated, the investigator then tried to construct a 
theory, or theoretical model, from which to deduce, and 
explain, the facts discovered by resolution. This deduction 
was called compositio (the Latin for the Greek work for 
‘synthesis’). The final procedure was to verify or falsify 
the theory by deducing from it as many consequences as 
possible, and submitting these to experimental tests. 

The use of this qualitative experimental method can best 
be explained by describing the history of a problem which 
the medieval natural philosophers successfully solved by it, 
the problem of the rainbow. A rainbow is seen by light 
coming from atmospheric moisture to an observer standing 
with his back to the sun (Figs. 2 and 3). Two characteristics 
especially called for explanation: the shape, forming part 
of a circle; and the regular arrangement of the colours, 
forming concentric rings with red outside and blue inside 
in the primary bow, and with this order reversed in the 
secondary bow sometimes seen outside, and concentric 
with, the primary one. 

As with so many problems, the thirteenth-century 
scholars who took up the problem of the rainbow made 
their point of departure the contributions of ancient 
writers. Two were of outstanding importance. First, 
Aristotle, in his Meteorology (translated into Latin in the 
twelfth century), showed that the rainbow formed the base 
of a cone of which the apex was at the sun, and the axis 
passed from the sun, through the observer's eye, to the centre 
of the bow (Fig. 2). With this construction he explained 
the variation in the height of the bow with the height of the 
sun, for as the apex of the cone rose, the base would be 








Fic. 2.—Diagram illustrating Aristotle's explanation of 

the rainbow. The horizon is at AG. The sun (H), the eye 

of the observer (K), and the centre (O) of the circle of the 

rainbow lie on the axis of the cone, of which the rainbow 

forms the visible part of the base above the horizon. 

Medieval observers discovered that the angle HJK was 
approximately 42 . 
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Fic. 3.—A diagram published in Jodocus 
Trutferrer’s Totius Philosophiae Naturalis 
Summa (Erfurt, 1514) to illustrate Theo- 
doric of Freiberg’s theory of the rainbow, 
The four lower circles on the right represent 
the drops producing the four colours (red, 
yellow, green, blue) which he distinguished 
in the primary bow. The sunlight is re. 
fracted on entering each drop, reflected 
once internally, and refracted again on leay- 
ing the drop. A particular drop sends only 
one colour to the eye (oculus). The paths 
of the individual rays inside each drop are 
not shown (see Fig. 4). The four upper circles 
represent the drops producing the secondary 
rainbow. The sunlight passes round inside 
each drop in the reverse direction to that 
in the drops producing the primary bow, 
and undergoes two internal reflections. The 
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depressed, and vice versa. Aristotle held that the rainbow 
was produced by the reflection of sunlight from the drops 
of water forming a cloud, a theory elaborated by the Roman 
writer Seneca, who asserted that the rainbow was a com- 
pound image of the sun formed by a multitude of reflections 
from individual raindrops, and by Posidonius, who likened 
the cloud to a large concave mirror. A more important con- 
tribution of Seneca’s was to point out that the same colours 
were seen when sunlight passed through a glass prism. 

Medieval research into the problem of the rainbow began 
with Grosseteste, who, about 1230-5, criticised these 
explanations by reflection, pointing out that they would 
not produce the facts observed, and put forward a new 
theory. Rejecting the curved mirror as a model, he main- 
tained that the cloud acted as a large convex lens. The 
different procedures involved in the ‘resolutive-composi- 
tive method’ described by Grosseteste can best be seen in 
the work of his successors. 

The first step was to break up, or ‘resolve’, the complex 
phenomenon of the rainbow into its component factors, 
so that the data of the problem could be properly classified. 
Roger Bacon, in his Opus Maius, written in 1266-7, gave 
an especially interesting account of this procedure. His 
results were completed and corrected by some of the other 
investigators. All began by collecting, comparing and 
classifying different ‘composite’ phenomena in which the 
colours of the rainbow were seen. Thus, for example, the 
colours found in the rainbow itself, in spray made by a 
mill-wheel, by the oars of a rowing boat and by squirting 
water from the mouth with your back to the sun, in dew 
on the grass, and in sunlight that had passed through a 
spherical glass flask full of water on to a screen, all shared 
the attributes of being associated with transparent spheres 
or drops of water, in which the different colours were 
refracted through different angles (a fact discovered by the 
Silesian physicist Witelo writing about 1270, and by the 
unknown English author of a Sum of Philosophy written 
about 1265-75), and the colours always formed a circle 
or part of a circle. A second group of spectral colours, 
produced by passing sunlight through a glass prism or 





colours go to the eye in the reverse order to 

those seen in the primary bow. (By courtesy 

of the Librarian of the University Library, 
Erlangen.) 


hexagonal crystal, shared the common attribute of being 
refracted through different angles, but differed from the 
first group in not being circular. Another group, the colours 
produced by different kinds of iridescent feathers, had in 
common (and thereby differed from the first two groups) 
that they had not been refracted but reflected, and that they 
changed in a special manner with changing incidence of 
light. 

To the question: ‘““What are the conditions necessary 
and sufficient to produce a rainbow?” this resolution gave 
a partial answer by defining the species to which the rain- 
bow belonged, and by distinguishing this from the species 
to which it did not belong. The rainbow belonged to a 
species of spectral colours produced by differential 
refraction of sunlight passing through drops of water. A 
further attribute defining the rainbow was that it was pro- 
duced by a large number of discontinuous drops. ‘‘For”, 
wrote a fourteenth-century French physicist, Themon 
Judaei, describing experiments with artificial sprays to 
establish this fact, ““where such drops are absent, there no 
rainbow or part of it appears, although all the other 
requisite conditions be sufficient.” Another important 
attribute, shown by measurements described in 1266-7 by 
Roger Bacon and shortly afterwards by Witelo, was that 
the rays forming the primary rainbow came from the rain- 
drops to the observer at an angle of about 42 degrees from 
the incident sunlight falling on the raindrops. Postulating 
these conditions—the sun at a definite position in relation 
to raindrops and to the observer—a rainbow would result. 

The next stage of the inquiry was to construct a theory 
showing exactly how these conditions, or factors, would 
produce a rainbow; that is, a theory incorporating the 
defined factors in such a manner that a statement describ- 
ing a rainbow could be deduced from it. An essential 
feature of scientific research, which we saw in discussing 
Mendel’s work and which the medieval logicians under- 
stood, is that most theories of this kind cannot be directly 
inferred from the facts they serve to explain, but are con- 
structed by the investigator by an act of scientific imagina- 
tion. As Grosseteste put it in his commentary on Aristotle’s 





DISCOV 


Fig. 4.—I 
of the path 
sphere (e.g 
illustrate | 
rainbow. 
stream of 
two separa 
rectly sho 
progress oO 
the transp 
the right). 
tial refrac 
differentia 
colours, r 
simplicity 
drawn int 
are reflect 
sphere, in 
on emergi 
eye (botto: 
verging. ( 
ian of 


Posterioi 
.. . obse 
able thir 
wonder 
sensible 
to the e» 
under c 
varied a 
theory. 
As an 
the med 
in the s 
instrume 
which / 
problem 
possible 
on this 1 
The t 
rainbow 
colours 
they we 
seen. F 
teste, A 
discover 
fraction 
solve th 
On tl 
when st 
he supp 
sunlight 
flected t 
of othe 
he said, 
and refi 
of the n 
in the c 
each co 
cumfere 
respons 
differen 


-OVERY 


1 Jodocus 
Naturalis 
ate Theo- 
- rainbow, 
‘represent 
Ours (red, 
tinguished 
ght is re- 

reflected 
in on leay- 
sends only 
The paths 
1 drop are 
per circles 
secondary 
und inside 
yn to that 
nary bow, 
tions. The 
e order to 
y courtesy 
y Library, 


of being 
rom the 
e colours 
s, had in 
groups) 
that they 
dence of 


lecessary 
ion gave 
the rain- 
e species 
ged toa 
ferential 
vater. A 
was pro- 
, “For’, 
Themon 
Prays to 
there no 
1e other 
nportant 
166-7 by 
was that 
the rain- 
ees from 
stulating 
relation 
id result. 
a theory 
3, would 
ting the 
describ- 
essential 
scussing 
$ under- 
directly 
are con- 
magina- 
ristotle’s 





DISCOVERY December, 1952 


Fig. 4.—Theodoric of Freiberg’s diagram 
of the paths of the rays inside a transparent 
sphere (e.g. a glass flask full of water) to 
illustrate the formation of the primary 
rainbow. From the sun (top left) comes a 
stream of white light. Within the stream 
two separate beams are drawn (each incor- 
rectly shown diverging). Following the 
progress of one beam, one sees it entering 
the transparent sphere (the large circle on 
the right) and being refracted; by differen- 
tial refraction, the beam now becomes 
differentiated into rays of four different 
colours, red, yellow, green and blue; for 
simplicity only the red and blue rays are 
drawn in the diagram. These coloured rays 
are reflected at the internal surface of the 
sphere, intersect, and are refracted again 
on emerging into the air. Their paths to the 
eye (bottom left) are incorrectly shown con- 
verging. (By courtesy of the Chief Librar- 
ian of Basle University Library.) 


Posterior Analytics: “‘from constant observation of these 
... observable things he begins to form a third, unobserv- 
able thing. ... The functioning reason therefore begins to 
wonder and to consider whether things really are as the 
sensible recollection says, and these two lead the reason 
to the experiment.’ By means of experiments, carried out 
under controlled conditions so that one factor could be 
varied at a time, the investigator verified or falsified his 
theory. 

As an aid to the construction of a theory of the rainbow 
the medieval investigators made use of a model raindrop 
in the shape of a spherical glass flask full of water, an 
instrument of which Grosseteste gave an explanation and 
which Albertus Magnus applied to the rainbow. The 
problem could be studied under artificial conditions and 
possible theories tested by controlled experiments based 
on this model. 

The two main problems to be solved by a theory of the 
rainbow were recognised to be to show, first, how the 
colours were formed by the raindrops, and secondly, how 
they were sent back to the observer in the shape and order 
seen. Following some unsuccessful attempts by Grosse- 
teste, Albertus Magnus and Roger Bacon, Witelo, by 
discovering that colours were produced by differential re- 
fraction, helped to solve the first problem. He failed to 
solve the second. 

On the analogy of the colours thrown on a screen 
when sunlight is refracted right through a spherical lens, 
he supposed incorrectly that the rainbow was produced by 
sunlight refracted right through each raindrop, and re- 
flected back to the observer by the convex external surfaces 
of other drops behind. The reason for the circular shape, 
he said, was that the incident rays of the sun were refracted 
and reflected through angles that were the same in each 
of the myriads of spherical raindrops present; an observer 
in the correct position relative to the sun received rays of 
each colour from a set of raindrops standing in the cir- 
cumference of a circle, the concentric circles of drops 
responsible for the different colours subtending slightly 
different angles at the observer. An observer in a different 
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position saw a rainbow in a wholly different set of 
drops. 

Between 1300 and 1310, Theodoric of Freiberg showed 
that to obtain these results it would have to be supposed that 
the sunlight sent back to the observer as a rainbow was 
both refracted and reflected within each individual rain- 
drop. He established his theory, completing the qualita- 
tive solution of the problem of the rainbow, by means of 
a series of experiments with hexagonal crystals and spheri- 
cal glass flasks full of water which make his treatise, On 
the Rainbow, one of the classics of the experimental method 
for all time. Prefacing his treatise with a discussion of 
method, he wrote: 


it is the function of optics to determine what the rain- 
bow is because, in so doing, it shows the reason for it 
in so far as, to this discription of the rainbow, is added 
the manner in which this sort of concentration may be 
produced in the light going from any luminous heavenly 
body to a determined place in the cloud, and then by 
particular refractions and reflections of rays is directed 
from that determined place to the eye. 


He began with a series of experiments showing in detail 
how colours were produced by differential refraction, and 
tried to establish a general theory of colour. Then he went 
on to show how a primary rainbow would be produced if 
the incident sunlight was refracted on entering a drop, and 
the resulting coloured rays were then reflected from the 
opposite concave inner surface on which they fell and were 
refracted again as they passed out of the drop into the air 
(Fig. 4). The angle between the incident sunlight and the 
emerging coloured rays, Theodoric said, was a constant 
one, determined by the laws of refraction and reflection; it 
was in fact the 42 degrees measured by Roger Bacon and 
Witelo, though Theodoric gave a wrong figure for it. 
Theodoric showed, by an experiment in which a spherical 
glass flask of water held in a certain position in relation 
to the sun was raised and lowered, that the colours 
of the rainbow were produced from drops at different 
positions; he gave a detailed account of how the different 
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concentric circles of colours came to a particular observer, 
at whom each circle subtended a different angle (Fig. 3). 
When the flask in the experiment was raised sufficiently, 
he showed that a second set of colours was seen, in reverse 
order to those forming the primary rainbow. The second- 
ary rainbow, standing at an angle of about 11 degrees out- 
side the primary one, he showed would be produced by 
light which passed round inside each drop in the reverse 
direction to that producing the primary bow and under- 
went fwo internal reflections (Fig. 3).* 
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gated in a series of pulses or ‘waves’; Witelo (following 
Alhazen) tried to explain refraction by supposing that the 
motion of light was composed of two motions at right 
angles which were differently affected when light struck 
obliquely an interface between two transparent media: 
Witelo, Theodoric and Themon, acting on a suggestion of 
Grosseteste, said that each of the colours of the spectrum 
produced by a prism was a different species of ray pro- 
duced by the modification of white sunlight by differential 
refraction. 
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The essential significance of the resolutive-compositive Other examples could be given of the use of this qualita- Fic. ¢ 
method exemplified by this research into the problem of tive experimental method by medieval natural philosophers. script 
the rainbow is that it was explicitly worked out as a method Thus, in the thirteenth century, Peter (Peregrine) of Mari- — 
of finding and testing scientific explanations of phenomena. court used it to establish the elementary properties of surfac 
In fact most medieval natural philosophers were primarily magnets (Fig. 5), Roger Bacon to classify types of lenses end o 
interested in method; their attempts to solve a particular (Fig. 6). From that period, theirs became the established spheri 
physical problem were often begun simply as examples of method of providing qualitative solutions of problems. a 
method. This is not to say that the medieval scientists Two examples from the seventeenth century are William 
were not interested in the natural phenomena explained by Harvey's work on the circulation of the blood and René 
means of their experimental method. For example, they Descartes’ theory of the ‘man-machine’. 
regarded the investigation of the particular problem of the William Harvey’s investigation of the motion of the blood 
rainbow as an opening into an ‘ndefinitely extended inquiry in the body, as described in his On the Motion of the Heart 
of which the purpose was to construct a general theory of published in 1628, followed exactly the resolutive-composi- 
light and colour. They succeeded in constructing a theory tive method. The Greek physician Galen had maintained 
that was in many respects qualitatively satisfactory: that the blood was continuously replenished from the food, 

Grosseteste put forward the theory that light was propa- and flowed backwards and forwards in both directions 
* It should be noted that the same explanation of the rainbow was through the heart and blood-vessels. Harvey began by 
So af = ged by ge mo ap gy pent he ot breaking up the problem inte a number of precise questions 
oric: cf. my Rober rosseteste, p. 234, n. 1. l é . 
hate seems may disclose dace Arabic Senudien of the about the mode of contraction of the heart, and the arrange- 
experimental method as a method. ment of its valves and of the blood-vessels in adults and 
embryos. The results of dissection and experiments sug- arterie 
gested that the blood flowed in only one direction in the those 
heart and in any given vessel, and this suggested a hypo- naturé 
9 tmegrrivetecele thesis different from Galen’s: “I began to think whether of its. 
ccnaeemenanaienane there might not be a motion, as it were, in a circle. Now a cloc 
mapa we oar this I afterwards found to be true.’’ He goes on to describe its wh 
pained Barwrig whe ence yn cre experiments to test the rival hypotheses on the main point - 
unis made fouwe nike |) aos mths exper at issue between them. All showed that the blood flowed ‘ om 
1 nese in ae pr and through the heart in one direction only, from veins to the subs 
| meagre cages uy arteries; and that, in the body, the blood flowed away from a 
P fa tan a the heart in the arteries, and towards it in the veins. He arvey | 
'S. > meh er also calculated that the quantity of blood pumped through 
orew gat er amg? the heart in an hour was about three times the weight of the 
be. saat ew pme. body. These and other results contradicted Galen’s hypo- The In 
varels mfenng. theses and confirmed his own. Thec 
Descartes’ ‘man-machine’, described in L’Homme the use 
(published posthumously in 1662), was a theoretical body, Greek 
which he tried to construct from the known principles of astrono! 
mechanics in such a manner that he could deduce from it measure 
the physiological phenomena observed in actuai living veloped 
bodies. But it w 
I assume that the body is nothing else than a statue or use of r 
machine of clay . . . we see clocks, artificial fountains, tions in 
mills, and other similar machines which, although made establis! 
by man, are not without power of moving themselves in contem] 
many ways... I desire you to consider next that all the Galileo. 
functions which I have attributed to this machine, such Archim 
as the digestion of food, the beating of the heart and resoluti 
resoluti 
FiG. 5.—Diagram from a fourteenth-century manuscript mathen 
of Petrus Peregrinus” Epistola de Magnete, illustrating a Galil 
chapter which contains the first known description of , 
a on Beer ee ee eee eee a pivoted magnet. (By courtesy of Bodley’s Librarian.) -USSION 
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Fic. 6.—Diagram, from a thirteenth-century manu- 
script of Roger Bacon’s Opus Majus, illustrating his 
explanation of magnification by a convex lens forming 
less than a hemisphere. The centre of the spherical 
surface is marked centrum. Rays going up from each 
end of the object seen (res visa) are refracted at the 
spherical surface where they meet the air, and go to 
the eye (oculus). The enlarged image (imago) is seen 
on the projection of these refracted rays. (By courtesy 
of the British Museum.) 


arteries ... imitate in the most perfect manner possible 
those of a real man; .. . that all these functions follow 
naturally in this machine simply from the arrangement 
of its parts, no more nor less than do the movements of 
a clock, or other automata, from that of its weight and 
its wheels. 


Though this was too ambitious for immediate results, 
the subsequent history of physiology can be regarded as the 
exploitation of Descartes’ mechanistic conception by 
Harvey’s experimental methods. 


The Introduction of Systematic Measurements 


The completion of the modern experimental method was 
the use of systematic measurement. In the Middle Ages, 
Greek quantitative methods had been carried on in 
astronomy; Witelo had repeated Ptolemy's and Alhazen’s 
measurements of angles of refraction; chemists had de- 
veloped methods of assaying metallic ores, using a balance. 
But it was not until the seventeenth century that the general 
use of measurements to determine the concomitant varia- 
tions in the factors comprising a phenomenon became 
established. This was due in the first place to an older 
contemporary of William Harvey, the Italian physicist 
Galileo, whose chief inspiration seems to have come from 
Archimedes. The innovation Galileo introduced into the 
resolutive-compositive method was to make a quantitative 
resolution of a phenomenon into elements susceptible of 
mathematical statement. 

Galileo’s main work was done in dynamics, and a dis- 
-ussion of his methods is too long to be included here. An 
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excellent example of the power of the quantitative experi- 
mental method is the work of Descartes and Newton on 
the rainbow. Descartes put forward exactly the same 
theory as Theodoric of Freiberg, and supported it by 
similar experiments, with the enormous improvement that 
he calculated the angles at which the coloured rays emerged 
by means of the sine-law of refraction, which he and the 
Dutchman, Willebrord Snell, after whom the law is called, 
shared in formulating. Newton completed Descartes’ 
theory by means of his theory of colour, stating quantita- 
tively how white light was dissociated by a prism into 
coloured rays, each refracted through a definite angle, and 
showing how the rays could be recomposed into white 
light. Huygens and Newton, and, about a century later, 
Thomas Young and Fresnel, constructed mathematical 
‘wave ’-theories and ‘corpuscle’-theories of light and colour. 
These, on the one hand, have made it possible to explain 
certain details about the rainbow, in particular the varia- 
tion in the radius of the bow according to that of the 
raindrops, unsuspected even by Newton; and, on the 
other, they have themselves become incorporated into the 
electro-magnetic theory of light, perhaps the most far- 
reaching theory found in the whole history of physics. 
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Harnessing Solar Energy 








THE words by themselves are sufficient to fire the imagina- 
tion of laymen and scientists alike. Consequently there 
has been more than a little fanatically silly talk about 
schemes to make use of the only free energy availabie to 
man—that of the sun. It has been claimed that the earth 
intercepts as much energy as that obtainable by burning 
six million tons of coal every second, energy enough, it 
is said, to melt every year a layer of ice 114 feet thick. 
The accuracy of the arithmetic is not doubted, but the 
irrelevance of sensational statements such as this does not 
come to light until scientists examine the details of any 
proposed schemes. 

One of the first to apply rigid arithmetic as well as 
pioneering enthusiasm to the utilisation of the sun’s energy 
was Dr. C. G. Abbot, who used to be secretary of the 
Smithsonian Institution in Washington. In 1938 he con- 
structed on Mount Wilson in California a device whereby 
the solar radiation boiled water to drive a }-h.p. steam 
engine. He also made use of a liquid of much higher 
boiling-point than water to circulate round a tiny oven in 
which he cooked cakes some three inches or so square. 
In this work he was able to arrive at figures giving the 
efficiency of utilisation of the solar energy. 

Much more recently (1947) Dr. Maria Telkes of the 
Massachusetts Institute of Technology installed gear for 
keeping her New England home at a fairly constant tem- 
perature by means of the sun. The radiation going through 
a very large glass plate heats a solution of sodium sulphate 
until it loses its water of crystallisation. When the sun’s 
heat disappears with the daylight the solution cools and 
the water of crystallisation is taken up again, heat being 
released in the process. In this way the tanks of liquid are 
kept more or less at a constant temperature of 91° F., the 
tank capacity being calculated for a period of ten days 
without sun. The rooms are kept warm by air that circu- 
lates round the drums. The result for the two years or 
so of operation is said to be quite satisfactory. 

A Smithsonian Report of 1939 gave details by F. A. 
Brooks of the California Agricultural Experimental 
Station of practical devices for utilising solar energy for 
heating water. At that time, he said, there were several 
thousand solar water heaters in Florida, California and 
the South. The simplest of them is merely a blackened 
cylindrical tank with associated piping whereby hot showers 
can be obtained at the end of the day. The most compli- 
cated is an array of blackened tubes through which water 
circulates either by convection or by pumping (in which 
case a heat-pump can be arranged to give heating or 
cooling at will). The pipes are behind glass and are usually 
set in the southern slope of the roof. The sunlight heats 
the pipes and the circulating water. 

This year there was some publicity for a pressure-cooker 
operated by concentrated sunlight from a concave mirror. 
This was developed by scientists of the Indian National 
Physical Laboratory. A mass-produced version was due 
to be put on the Indian market, but does not yet seem to 
have come on sale. 

The above examples show that as far as heating is 
concerned the use of solar energy is technically quite 


——— 


feasible where there is plenty of strong sunshine. The 
question is now whether any of these schemes is econoni- 
cally competitive with other sources of energy, and one 
also wants to know whether any of the other schemes 
which have been proposed are feasible and practicable. 

Many people must have puzzled about the matter and 
longed for an authoritative opinion by established scien- 
tists. A beginning has now been made in this direction. 
A committee convened by Dr. E. C. Bullard, director of 
the N.P.L., has investigated “the possibilities of utilising 
solar energy’ and has published its report in Research. 

The report is a short one. It bases its calculations on 
figures published by an American meteorologist, Dr. H. H. 
Kimball, in 1931 in the Bulletin of the National Research 
Council. He gave curves showing the distribution of solar 
energy over the earth in every season of the year. The 
maximum rate at which solar energy reaches at earth level 
a surface at right-angles to the sun’s rays can be taken as 
1120 watts per square metre; this figure was obtained from 
measurements taken at a place in Algeria. At Kew, the 
maximum is 940 watts per square metre. These are maxima, 
but for most purposes it is necessary to start from average 
figures, which are very much smaller. For basic calcula- 
tions, therefore, the average may be taken as between 100 
and 200 watts per square metre, with a possible maximum 
of about 1000 watts. 

The report considers six fields in which the solar power 
might be harnessed—water-heating, cooking, refrigeration, 
mechanical or electrical power-production, the making of 
fuel and the distillation of water. 

The figures for water-heating show that the capital 
expenditure is comparatively high where there is gas or 
electricity easily available. In England it has been calcu- 
lated that SO litres of water can be heated to 55° C. (131° F.) 
for each square metre (approximately a square yard) of 
receiving area on two-thirds of the days in the best five 
months of the year—that means for just over a quarter of 
the year, hardly an attractive proposition. In California 
a collector about seven square yards in area will provide 
domestic hot water for about three-quarters of the year. 
The point is made that mirrors for concentrating sunlight 
give no advantage unless the collection temperature is 
more than 90° C. (194° F.). For house-heating a collector 
of the size of half the floor area of the house can provide 
most but not all of the heating required in the latitude of 
Boston, Massachusetts. In the tropics there is no demand 
for such heating. In fact, in places where heating is 
required the sunlight vanishes just when it is required— 
in winter. The one touch of humour in the report here 
appears; ““We would, however,” it says, “draw attention 
to the simplest method of using solar heat for warming 
houses. That is to let it in through the windows.” 

For cooking the demand is in areas where there is no 
gas, electricity, coal, oil or wood. In other words, the 
report implies, the arid and semi-arid areas. Here the 
possibilities are greater. By designing a stove with suitable 
insulation to prevent excessive heat losses, the temperature 
of boiling water could be attained and maintained with a 
power of only 100 watts. In places such as India, where 
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the main meal is at midday when the sun is high, this power 
could be collected by a mirror of about a third of a square 
metre in area. On this point the report makes the positive 
suggestion that the National Research Development 


Corporation should consider developing a stove suitable 


for large-scale production. 

Refrigeration is dismissed as impracticable largely 
because of the need for constant running; air-conditioning, 
however, is shown to be possible with collectors in the roof, 
a refrigeration cycle in which heat is pumped out at the 
cold end and absorbed into the machine at the hot end 
being the means of achieving it. 

The report considers at some length the possibility of 
getting power from the solar energy. The value of solar 
power plants is brought out by the example of an Indian 
village whose economy would be very much affected if 


small 1000-watt engines were available for pumping water. 


By making certain assumptions about the efficiency of such 
an engine working at what Dr. Abbot stated was the 
optimum temperature—200° C.—it is found that for the 
power mentioned, even with the maximum rate of receipt 
of solar energy, a collector 18 square metres in area would 
be required (nearly 200 square feet). If the water had to be 
pumped from bore-holes instead of from canals or rivers 
the power required in the engine would be more like 
10,000 watts, necessitating a very large collector indeed. 
The committee concludes “that orthodox heat engines 
driven directly by solar power are not an immediate practi- 
cable proposition’. Methods of getting electricity directly 
from solar energy are the thermoelectric effect and the 
photovoltaic cell. Simple arithmetic shows that neither is 
at present practicable, though for other reasons research 
to make photovoltaic cells more efficient is desirabie. 

By far the longest section of the report deals with the 
production of fuel. Research is encouraged on photo- 
synthesis but not at present for the study of fuel-producing 
systems. With the subsection dealing with the use of plants 
as fuel the committee is on surer ground. It is shown that 
in India one variety of eucalyptus produces 2:4 kg. of wood 
per square metre of forest every year. With a calorific 
value of 21,000 joules per gm. and 31-6 million seconds in 
a year, simple calculation shows that the rate of storage 
of energy in the wood is therefore 1:6 watts per square 
metre. If this wood were burnt in a steam engine with a 
boiler efficiency of 70°< and an engine efficiency of 14% 
(higher than has ever been achieved in practice in small 
engines) then the amount of power derived per square 
metre of forest is reduced to 0-16 watt per square metre 
of forest. Which means that to produce 80 watts of power. 
some 500 square metres of forest would be needed, or 
1-2 short tons of wood. This figure can be compared to 


the herbage eaten by a bullock, the normal source of power 
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for an Indian peasant farmer. The efficiency of this animal, 
that is to say, the work achieved by the bullock divided 
by the energy put in, is shown to be about 5%: thus in 
producing an average power of 80 watts it consumes about 
2:7 short tons of food a year. This gives a direct comparison 
between the wood-fuelled steam engine and the bullock, 
and the latter is seen to be about half as efficient. Further- 
more, an engine does not consume fuel when not working. 
On the other hand, the engine is hardly as adaptable as a 
bullock, so the introduction of a steam engine might be 
resisted by the peasant farmer. Nevertheless, the committee 
believe that the scheme is a practicable one. Their own 
words are: “‘A small steam engine of high efficiency using 
wood or other plant material as fuel appears to have 
substantial advantages over power derived from animals 
for pumping water and driving light machinery. The 
development of such an engine is desirable.” A develop- 
ment contract for an engine of this sort has in fact been 
put out by the National Research Development Corpora- 
tion. The alternative of fermenting vegetable matter to 
alcohol for use in an internal combustion engine is shown 
to be much less efficient than the direct burning of vegetable 
matter in a steam engine. 

The point arises here about the proportion of land being 
used for producing fuel instead of food. The report shows 
that if the engine is to be used for irrigation, then the area 
of fuel-plants is only about a fiftieth of the land to be 
irrigated. The steam-engine proposition is seen to be the 
most far-reaching one of the whole report. 

A great deal of publicity has been given to a proposal 
to grow algae in tanks and so make direct use of photo- 
synthesis to get a continuous supply of fuel. The report 
considers this, and calculates figures which demonstrate its 
absurdity. Utilising the known figures about the efficiency 
of photosynthesis and of power stations, the committee 
arrives at the conclusion that an area of algae tanks amount- 
ing to some 3-1 square kilometres—an area as big as 
Hampstead Heath—would be necessary for the production 
of 10,000 kilowatts. The committee comes to the categorical 
conclusion that “‘the scheme is clearly impracticable”. 

The committee admits that there is scope for the solar 
distillation of water—sea water or brackish water—for 
drinking purposes, though no positive recommendations 
are made. Here though, the report does not mention that 
the United States Government has allocated in this connex- 
ion a very large sum for research on methods of distillation. 

The report is very brief, and in one or two places the 
arithmetical calculations are inaccurate. Nevertheless it is 
a valuable document because it represents the first con- 
sidered, authoritative, collective opinion of scientists on a 
subject that needs to be examined dispassionately in just 
this way. 





The Search for Scientific Talent 


TTENTION is drawn to the announcements of appointments vacant (official and industrial), appointments wanted, 

courses and grants, etc., which appear in this issue. Readers and advertisers alike will find this service particularly 
valuable. There is great competition for the best scientific and technical brains between the various organisations, 
both at home and overseas, which promote research and its industrial applications. With the increasing demands 
for scientists, technicians and technologists, this competition will grow. And since Discovery enjoys a sale, in the 
U.K. alone, nearly five times greater than that of any comparable journal produced in the country it is to be expected 
that its columns will play an increasingly important part in the search for the best brains and the best jobs. 
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Far and Near 


The Monte Bello Atomic Bomb Test 

THE PRIME MINISTER'S report to Partlia- 
ment on October 23 disclosed a few 
details about the Monte Bello atomic 
bemb test of October 3. The reason for 
the unusual shape of its smoke cloud was 
made apparent with the opening sentences 
of this statement: the bomb had been 
exploded inside a _  1450-ton frigate, 
H.M.S. Plym. At various distances from 
the ship’s anchorage specimen structures 
of importance to Civil Defence and the 
Services had been erected, and instruments 
set up to record the effect of contamination, 
blast, heat flash, gamma ray flash and 
other factors of interest. 

He said that thousands of tons of water 
and of mud and rock from the sea bottom 
were thrown many thousands of feet into 
the air by the explosion and a high tidal 
wave was caused. The effects of blast and 
radioactive contamination extended over 
a wide area and H.M.S. Piym_ was 
vaporised except for some _ red-hot 
fragments which were scattered over one 
of the islands and started fires in the dry 
vegetation. 

Very soon after the explosion two naval 
officers undertook the dangerous task of 
fiying helicopters over the heavily con- 
taminated lagoon where Piym had lain. 
This was in order to take samples of the 
water so that its radioactivity could be 
measured. After a longer interval, 
scientists and Service personnel in pro- 
tective clothing entered the contaminated 
area to examine the effect and to recover 
records. 

Mr. Churchill technical 


said that 


descriptions of the performance of the 
bomb could not, of course, be given, but 
the weapon behaved exactly as expected 


and forecast in many precise details by 
Dr. W. G. Penney, whose services were of 
the highest order. He added that when the 
flash first burst through the hull of P/ym 
the temperature was nearly 1 million 
degrees; it was, of course, far higher at the 
point of explosion. 


* x * * 


A Ministry of Supply statement about 
the scientific side of the experiment gave 
the information that Dr. W. G. Penney’s 
deputy was Dr. L. C. Tyte. In addition 
to these two men and other key scientific 
personnel from M.O.S., those taking part 
included Mr. W. A. S. Butement (Chief 
Scientist of the Australian Department of 
Supply and Development), Professor 
L. H. Martin of Melbourne University 
(chairman of the Australian Defence 
Scientific Committee), Dr. E. W. Titterton 
of the Australian National University, and 
Dr. O. M. Solandt (chairman, Canadian 
Defence Committee). The Home Office 
were closely concerned with civil defence 
aspects of the test. Much work was also 
undertaken by, and on behalf of, the 
Medical Research Council, whose advice 
was of great value. 


* * * * 


In a radio talk Dr. Penney said the cloud 
from the Monte Bello bomb did not rise 
very far because of the great weight of mud 
and water in it. The explosion had some 
resemblance to that of the underwater 
Bikini bomb. The top of the Monte Bello 
cloud rose just over two miles; at Bikini 
the cloud rose to a height of a little over a 
mile. 

To obtain ultra-rapid pictures of the 
early stages of the explosion, when the 
fireball began to burst through the ship, a 
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camera was used taking about a hundred 
pictures at ten microsecond intervals— 
with an exposure time of one ten-millionth 
of a second. Dr. Penney also said that the 
frigate was moored near land, to simulate 
an atomic explosion in a port, and it was 
now possible to give the Civil Defence 
authorities “some accurate answers to 
some of their problems’’. 


Dr. Wansbrough-Jones, new Chief Scientist 
at M.O.S. 


THE Minister of Supply has appointed 
Dr. Owen H. Wansbrough-Jones’ to 
succeed Sir Harry Garner, the Chief 
Scientist of the Ministry of Supply, who 
retires early in the New Year. Dr. Wans- 
brough-Jones, who is 47, has been principal 
director of Scientific Research (Defence) 
in the Ministry of Supply since January, 
1951. Previously he was Scientific Adviser 
to the Army Council. In his new post he 
will be responsible for the co-ordination of 
all scientific research and development 
programmes at the Ministry of Supply, 
with the exception of atomic energy. 


Becquerel and Radioactivity 


ALTHOUGH the researches of Antoine 
Henri Becquerel took him into several 
different branches of physics, he has gone 
down in history as “the man who dis- 
covered radioactivity by accident”’. 

It was Becquerel’s investigations into 
phosphorescence which gave us the first 
examples of radioactivity, for among the 
phosphorescent substances he studied 
were some uranium Salts. In 1896 Poincaré, 
a member of the French Academy as wel 
as statesman, had shown the first radio- 
graphs from ROntgen’s newly discovered 
X-rays at a meeting of the Academy of 
Science. Becquerel was present at the 
meeting, and was at once attracted by the 
question of whether these new ‘rays’ could 
be caused by some vibratory motion 
which gave rise to phosphorescence. He 
heard how X-rays came from a luminous 
spot on the glass tube where cathode-rays 
struck the glass; and Poincaré contributed 
to the interesting discussion when he asked 
whether all bodies capable of ‘fluorescing’ 
could also emit X-rays. Although such a 
question hardly seems relevant in the light 
of modern knowledge, it started Becquerel 
off on a new line of inquiry. The French 
scientist Charles Henri had noted how an 
iron wire and some coins left above a 
sheet of photographic paper (itself 
enclosed in the usual black paper) had 
caused shadows of wire and coins to 
appear on exposure to X-rays and subse- 
quent development of the paper. But it 
was Becquerel who on February 24, 1896, 
reported to the Academy on the peculiar 
behaviour of uranium salts during his 
further studies of phosphorescent 
materials. 

Becquerel had turned to the idea 0! 
‘stimulating’ phosphorescent substances 
contained in vacuum tubes, yet he found 
no X-rays emitted from them. Next he 
took the double sulphate of uranium an¢ 


The first in the series of five photos of the 
Monte Bello atomic explosion released for 
publication on October 24. 
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potassium and with this salt opened the 
new world of radioactivity. Two crystals 
were placed over a photographic plate 
together with a plate of silver to cast the 
usual shadow; the whole was now exposed 
to the sun’s rays since Becquerel was still 
looking for phosphorescent effects, and on 
developing the image on the paper there 
was the expected shadow. As Becquerel 
thought of the possibility of some vapour 
or ‘emanation’ from the crystals giving 


rise to the effect, sheets of glass and of 
_ mica were: interposed to cancel this pos- 
' sibility. 


Next he placed aluminium plates 
two millimetres in thickness over the 
wrapped photographic plate, exposed the 
whole to the sun, and found no effect 
unless a crystal of uranium salt was present. 
That observation is seen today as one step 
nearer to the vital discovery; indeed the 
whole series of steps taken by Becquerel 
stamp him as a typical man of science 
rather than one merely lucky to have hit 
upon such a discovery. The ‘accidental 
discovery’ came one day when he had left 
his photographic plates in a dark cup- 
board, as there was no sun that day for his 
phosphorescence experiments. In_ fact 
there was no sun during the next two or 
three days, but there happened to be a 
crystal of uranium salt in the cupboard. 
There indeed was one touch of fortune, 
with yet a second one to come when 
Becquerel decided to develop the photo- 
graphic plates although no solar radiation 
had literally come into the _ picture. 
Becquerel had thus carried out what we 
now call a ‘blank’ test—with surprising 
results. He was able to report the sur- 
prising discovery that some form of rays 
came from uranium and affected a photo- 
graphic plate independently of any 
previous irradiation to induce phosphor- 
escence. By March 1896, Becquerel had 
discovered that a gold-leaf electroscope 
became discharged when the new rays 
penetrated to the instrument. Since it was 
this ease and rapidity of discharge of the 
electroscope which led Mme Curie to 
choose as her doctorate thesis the measure- 


ment of the radioactive powers of a large 
number of minerals, we realise how 
Becquerel was worthy of sharing the 
Nobel Prize of 1903 with Mme Curie. 


M. SCHOFIELD 


Night Sky in December 

The Moon.—Full moon occurs on Dec. Id 
12h 41m, U.T., and new moon on Dec. 
17d 02h 02m. The following conjunctions 
with the moon take place: 


December 
12d 20h Saturn in con- 

junction’ with 

the moon Saturn 8° N. 
15d 14h Mercury ,, Mercury 7 N. 
20d O8h Venus Venus a 
21d 02h Mars Mars Zz &. 
26d 20h Jupiter , Jupiter 7 S. 


The Planets.—Méercury is too close to 
the sun early in the month for observation 
but on Dec. 15 and 31 the planet rises at 
6h 05m and 6h 50m, respectively, and can 
be seen in the morning hours for some time 
before sunrise. Owing to its large southern 
declination it will not rise far above the 
horizon. Venus, an evening star, sets at 
18h 25m, 19h 05m, and 19h 50m, on Dec. 
L 33, and 31, respectively. The stellar 
magnitude of the planet averages —3-7 
during the month and the visible portion 
of the illuminated disk varies from 0-75 to 
0-65. Mars, an evening star, sets at 
20h 10m, 20h 20m, and 20h 30m, at the 
beginning, middle, and end of the month, 
respectively, stellar magnitude about 1I-1. 
Towards the middle of the month the 
planet is close to 8 and y Capricorni. 
Jupiter is visible throughout the night, 
setting in the morning hours at 5h 15m, 
4h 15m, and 3h 20m, on Dec. 1, 15, and 
31, respectively. Its stellar magnitude 
averages —2-3 during the month. Saturn, 
a morning star, rises at 3h 25m, 2h 40m, 
and Ih 40m, on Dec. 1, 15, and 31, 
respectively, stellar magnitude 0-9, and 
can be seen for some hours before sunrise 
in the constellation of Virgo. 
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Winter solstice is on Dec. 21d 22h; the 
sun then attains its greatest southern 
deciination of —23° 26’ and in the nor- 
thern hemisphere the days are at their 
shortest length. It is interesting to notice 
the rapid changes in the hours of sunrise 
and sunset at this time as we proceed 
northward. Taking the latitudes of 50, 
52°, 54°, 56 , 58°, 60 , the times of sunrise 
are for these latitudes in order, 7h 56m, 
8h 06m, 8h 17m, 8h 30m, 8h 45m, 9h 03m. 
The times of sunset for these latitudes are, 
16h 00m, 15h 50m, 15h 39m, 15h 26m, 
15h llm, 14h 54m. At latitude 663° the 
sun does not rise at winter solstice (ignor- 
ing refraction effects), and the long dark- 
ness of six months, lasting from autumnal 
to vernal equinox in north polar regions, 
is half-way through. 


A New Antimalarial 
DuRING 1952 a new antimalarial drug 
developed in Britain and called pyri- 
methamine has come into use in many 
parts of the Commonwealth and other 
Overseas countries. 

Developed in the Wellcome Labora- 
tories, it is claimed to have an antimalarial 
action 1000 times as powerful as that of 
quinine. An experiment the results of 
which give a good idea of its efficacy was 
recently conducted in the Belgian Congo, 
where malaria is rife. Dr. I. H. Vincke, 
Medical Director of Malarial Research at 
Elisabethville, wanted to find out what 
help the drug could give in a rural 
community, so he chose two villages, 
Kasongo and Mumema, north-east of 
Elisabethville, as test centres. The 
entire population, 209 villagers in all, 
co-operated willingly. For eleven weeks, 
during the winter months, when malaria 
is most virulent, they were given a weekly 
tablet containing 25 milligrams of the 
drug. At the start of the experiment, 22° , 
of the villagers had malaria parasites in 
their blood. At the end of it, all were 
negative, and remained so. 
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Nobel Prize for Streptomycin’s Discoverer 


THE discovery of the unique properties of 
penicillin at once raised hopes that the 
products of mould metabolism might in- 
clude other chemotherapeutic substances, 
in particular substances which would 
destroy the many varieties of pathogenic 
microbes not sensitive to penicillin itself. 
This search was at first surprisingly 
unfruitful; although many interesting 
antibiotics were quickly found they were 
either of limited activity or they were too 
toxic for systemic administration. Not 
until 1945, when S. A. Waksman and 
A. Schatz announced the discovery of 
streptomycin, a metabolic product of the 
soil organism Actinomyces griseus, Was a 
really valuable new addition made to the 
antibiotics. The most interesting feature 
of the new antibiotic was its powerful 
action against the tubercle bacillus, which 
is resistant to penicillin. Although early 
hopes have not been fully realised, in that 
streptomycin is not without toxic effect, it 
is valuable—sometimes dramatically so— 
in certain conditions, such as tuberculous 
meningitis, which are so grave that the 
risks involved in using the drug are fully 
justified. Streptomycin is also valuable in 
treating other infections, including plague 
and certain intestinal and urinary in- 
fections. Owing to its inherent disadvan- 
tages streptomycin was at first very 
cautiously received in this country; 
although it is still less popular than in the 
United States it has nevertheless a firmly 
established place in medicine. 

Selman A. Waksman, to whom the 
Nobel Prize for Medicine for 1952 has 
been awarded, was born in 1888 and his 
whole career has been as a soil micro- 
biologist, most of it spent at the New 
Jersey Agricultural Experiment Station, 
New Brunswick. Since 1931 he has been 
professor of soil microbiology in Rutgers 
University which has been able to build 
him a large and well-equipped research 
institute with the royalties accruing from 
streptomycin manufacture. Although 
Waksman’s investigation of the thera- 
peutic possibilities of the antagonisms of 
soil organisms was doubtless stimulated 
by the success of penicillin, his interest 
in the phenomenon of antibiosis was of 
long standing. 

This is the second Nobel Prize for 
Medicine to be awarded in the field of 
antibiotics. In 1945 Fleming, Florey and 
Chain shared the prize for their researches 
on penicillin. 


Battelle Institute plans London Branch 


THE Battelle Memorial Institute of 
Columbus, Ohio, which has carried out 
sponsored research for overseas govern- 
ments and industrial firms as well as for 
American institutions, is setting up a 
European organisation. Already labora- 
tories and administrative offices have been 
established at its European headquarters 
in Geneva. A branch is now working in 
Frankfurt, and it is planned to set up a 
British branch in London, and also 
branches in France and Italy. 

In London the Battelle Institute is 
represented by Dr. H. E. Z. Gordon, a 
chemical engineer. 


Battelle works on the method of 
‘sponsored’ research. That is to say, the 
Institute will undertake a job of research 
for which a firm has asked and is prepared 
to pay. The usual method of payment is 
by the time taken on the job. If the firm is 
prepared to spend a specific amount of 
money that money is spread over the cost 
of the scientists’ wages, and the materials 
used in the work. When the money comes 
to an end so does the research. If the firm 
wants to spend more the work goes on. 
The conclusions reached are finally the 
property of the firm. 

Today the Institute’s staff in America 
includes 260 scientists. 

There are at present two British 
institutes which carry out sponsored 
research; they are the Sondes Place 
Research Institution (at Dorking, Surrey) 
and the Fulmer Research Institute at 
Stoke Poges. Sondes Place is mainly in- 
terested in metallurgy and chemistrv. 


Institute of Technology, Loughborough 


IN the last issue we referred to Lough- 
borough College in the note ‘Britain’s 
M.1.T.—A New Creation or an Adapta- 
tion?” (p. 338). After that note went 
to press, an official statement was made 
by the Ministry of Education about the 
reorganisation of this college. 

This states that the Ministry of 
Education has met the Leicestershire 
Local Education Authority’s request and 
has relieved it of responsibility for 
maintaining the Engineering Departments 
of Loughborough. These now constitute 
a separate establishment known as the 
Institute of Technology, which will be 
financed by a Government grant. 

The Minister of Education has set up a 
governing body for the Institute on which 
all the engineering institutions are repre- 
sented, as well as the Royal Aeronautical 
Society, Nottingham University, the 
Engineering and Allied Employers 
Federation, the T.U.C., the Association of 
Technical Institutions and Leicestershire 
L.E.A. 

The Institute is equipped to specialise in 
the teaching of all branches of engineering, 
including civil, mechanical, electrical, 
chemical and aeronautical, and _ the 
facilities will be further improved when 
the new block of buildings comes into use 
in 1953 


Growing Poliomyelitis Virus in Eggs 

POLIOMYELITIS VIRUS has been modified 
and made to grow in chick embryos for the 
first time. This was reported recently by 
Dr. H. Cox, who directs virus research at 
the Lederle Laboratories, Pearl River, 
New York. He stated that he and two of 
his associates modified the Lansing type— 
one of several strains of polio virus—and 
caused it to grow in chicken eggs. Hitherto 
polio viruses have been grown experi- 
mentally only in brain tissues derived from 
rodents, monkeys or human beings. The 
egg-growing method is much easier and 
less costly and may lead eventually, Dr. 
Cox hopes, to the production of an 
effective immunising vaccine for polio. He 
warned, however, that no vaccine for polio 
is yet available through this research, and 
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stressed the impossibility of predicting 
whether it would ever lead to a vaccine for 
human use. 

Earlier this year Sir Macfarlane Burnet, 
one of the greatest authorities on virus 
infections, told an Australian medical 
congress that now scientists could grow 
the polio virus in the laboratory it was 
highly probable that a vaccine could be 
produced that would confer a significant 
degree of immunity against the disease, 
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SCHOLARSHIPS 


RUTHERFORD SCHOLARSHIP | 


APPLICATIONS are invited from gradu- 

ates of a university within the British 
Commonwealth who are under 26 years 
of age on 1 October 1953 for the RUTHER- 
FORD SCHOLARSHIP. This will be awarded 
for research in any branch of the natural 
sciences, but some preference will be given 
in favour of candidates who propose to 
work in experimental physics. It will be 
tenable for three years in some part of the 
British Commonwealth other than that in 
which the applicant graduated. 

The value of the scholarship will be 
adjusted to meet the circumstances of the 
appointment, but if held in the United 
Kingdom it will be not less than £450 per 
annum. Additional allowances may be 
granted for travel, university fees, etc. The 
—_—— will date from 1 October 
1953. 





The appointment will be made by the 
President and Council of the Royal 
Society, but application from university 
graduates outside the United Kingdom 
should be made through their universities 
to the Royal Commission for the Exhibi- 
tion of 1851 on forms of application for 
the 1851 Exhibition Science Research 
Scholarship. Applications from university 
graduates in the United Kingdom should 
be made before 15 February 1953 on 
forms obtainable from the Assistant 
Secretary, Royal Society, Burlington 
House, London, W.1. 

The successful candidate will be required 
to devote his whole time to research, and 
may undertake other duties only if he 
obtain the consent of the President and 
Council of the Royal Society. He will be 
required to report on the progress of his 
work at the end of each year’s tenure of 
the scholarship. The continuation of the 
scholarship will depend upon the satis- 
factory nature of the scholar’s work during 
the preceding year. 


————— 


APPOINTMENTS WANTED 











ECHNICIAN. Experience in construc: 

tion, maintenance of electrical equip- 
ment, some electronics. Requires perma- 
nent post. London, Home Counties. 
Write Box D1507, Aldridge Press Ltd., 
15 Charterhouse Street, London, E.C.!. 
pHysicisr, 29, Ph.D. (GEOPHYSICS), 

seeks vacancy in London _ region. 
Salary £750. Experienced metals industry, 
teaching, general physics, technical writ- 
ing. Some mathematics, chemistry, n0 
electronics.—Box D1504, Aldridge Press 
Ltd., 15, Charterhouse St. ,London, E.C.!. 
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different types of 

ACRU-NEON 
Indicator Lamps. 


* 
Minimum . striking 


voltage 60 AC or 
75 DC. 


* 


ASK FOR 
LEAFLET! 


During the past 3 years nearly a }-million ACRU Neon Indicators have been installed by hundreds 
of firms with not a single complaint about a failure. They have no rivals as regards Reliability 





The ACRU Electric Tool Mfg. Co. Ltd. 


CHAPEL STREET, LEVENSHULME, MANCHESTER 


ENGLAND Tel. Rusholme 4613 





ight measurement made easy... 


over a brightness range of a million to one 


The S.E.1. Photometer 1s a compact, portable and entirely self-contained 
instrument basically designed for the direct measurement of surface bright- 
ness. It can be applied to every form of light measurement required in the 
held of illuminating engineering, to the precise determination of photographic 
exposures and, with the addition of certain auxiliary equipment, to the 
measurement of transmission and reflection densities. 


The subject is viewed through a simple telescope and, by an adaptation of 
the Lummer- Brodhun cube, a small comparison spot subtending an angle 
of only 4° at the eye is superimposed on the image field. Illumination for 
the spot is obtained from a small electric bulb and dry battery, special 
provision being made for accurately standardising the output. The 
brightness of the spot is matched to the surface being measured by the 
movement of opposed photometric wedges, effected by rotating the base 
of the instrument. 


There are three consecutive ranges in the photometer, each covering a 
brightness ratio of 1: 100 and extending overall from 0-01 to 10,000 foot- 
lamberts. Separate scales, all of which are linear over the full range, allow 
readings to be made direct in log foot-lamberts, exposure times, or relative 
densities, according to the purpose for which the instrument is being used. A 
fully illustrated booklet will gladly be supplied, free of charge, on request. 


Sole Distributors— 
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£56 


Made by Salford Electrica 
Instruments Ltd. 
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LECTURES AND COURSES 





UNIVERSITY OF LONDON 


DEPARTMENT OF EXTRA-MURAL STUDIES 
Session 1952-53 


HE following University Extension 
Residential Week-end Courses have 
been arranged in subjects of scientific 
interest: 
BATTLE OF BRITAIN HOUSE, 
NorRTHWOOD, MIDDLESEX 
Life in a Freshwater Lake May 8-10 
Birds in the Ruislip Area May 29-31 
HASLEMERE EDUCATIONAL MUSEUM 


HASLEMERE, SURREY 
The Geological Structure of 


the Weald April 17-19 
Bird Life—Field Study June 5-7 
Trees and Woodland 

Conditions June 26-28 
Aquatic Vegetation July 3-5 


JUNIPER HALL, NEAR DORKING, SURREY 
Physical Geography and 
Geomorphology—Field February 
Study 27—March | 
Plant Ecology—Spring 
Field Study March 6-8 


MARIA GREY COLLEGF, 

St. MARGARET’S-ON- THAMES, MIDDLESEX 
London’s Birds in Relation January 

to Man 24 
Fishes, with special reference January 

to the River Thames _ 4 
The Influence of Physical 

and Chemical Factors on 


Aquatic Biology April 10-12 


All the above courses last from Friday 
evening until Sunday after tea, the in- 
clusive charge in most cases for tuition 
and board-residence being 25s. A pros- 
pectus may be obtained on request from 
the Director, Department of Extra-Mural 
Studies, University of London, Senate 
House, W.C.1. 





FARADAY HOUSE 
ELECTRICAL ENGINEERING 


66 Southampton Row, London, W.C.1 


A FOUR-YEAR full-time course, which 
includes practical training with mech- 
anical and electrical engineering firms, for 
the Faraday House Diploma which is 
"7? for Graduate Membership of the 
Ae om 


For particulars apply Dept. E. 








SOCIETIES 





THE PHYSICAL SOCIETY 


1 Lowther Gardens, 
Prince Consort Road, London, S.W.7 


MEMBERSHIP is open to all interested in 
physics. Publications include monthly 
Proceedings, annual Reports on Progress 
in Physics, annual Handbook of the 
Society's Scientific Instrument Exhibition. 

Full particulars may be obtained from 
the above address. 





OFFICIAL APPOINTMENTS 





CROWN AGENTS FOR’ THE 
COLONIES 


ABORATORY SUPERINTENDENT (Male) 

required by the Government of Tan- 
ganyika for the Medical Department. 
Commencing salary (including present 
temporary allowance of 25°.) according 
to qualifications and experience in the 
scale £712 to £1050 a year. Outfit allow- 
ance up to £45. Free passages and liberal 
leave on full salary after a tour of 2 to 3 
years. The appointment will be on 
probation for permanent and pensionable 
employment. National Health Service 
Superannuation rights can be preserved. 
Candidates under 35 years of age must be 
Fellows or Associates of the Institute of 
Medical Laboratory Technology with 
experience in General Clinical Pathology. 

Apply at once by letter, stating age, full 
names in block letters, and full particulars 
of qualifications and experience, and 
mentioning this paper to the Crown Agents 
for the Colonies, 4, Millbank, London, 
S.W.1. quoting on letter M.27483.G. The 
Crown Agents cannot undertake to 
acknowledge all applications and will 
communicate only with applicants selected 
for further consideration. 





CROWN AGENTS FOR’ THE 
COLONIES 


[| ABORATORY SUPERINTENDENT required 
by the Government of Nigeria Agri- 
cultural Department for one tour of 
18-24 months in the first instance. Com- 
mencing salary in the scales shown which 
include expatriation pay either (a) on 
temporary terms in scale £807 rising to 
£1115 a year, with gratuity payable on final 
completion of service or (b) with prospects 
of permanent pensionable employment 
in scale £750 rising to £1035 a year. In 
certain circumstances allowance for war 
service will be made in determining the 
point of entry in the scale. Outfit allow- 
ance £60. Free passages for officer and 
wife and assistance towards cost of 
children’s passages or their maintenance in 
this country. Liberal leave on full salary. 
Candidates, who must be male and under 
35 years of age, should possess the 
Diploma of the Science Technologists 
Association or have similar qualifications. 
They should be highly trained in labora- 
tory technique and capable of relieving 
fully qualified Research Officers of such 
routine work as the preparations of 
mycological and entomological specimens, 
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the initial phases of histological and micro- 
biological work, and plant propagation. 
Apply at once by letter, stating age, full 
names in block letters and full particulars 
of qualifications and experience and men- 
tioning this paper to the Crown Agents for 
the Colonies, 4, Millbank, London, S.W.1., 
quoting on letter M.28293.A. The Crown 
Agents cannot undertake to acknowledge 
all applications and will communicate only 
with applicants selected for further con- 
sideration. 





ASSISTANT (SCIENTIFIC) CLASS 
T= Civil Service Commissioners give 
notice that an Open Competition for 
permanent and pensionable appointment 
to the basic grade will be held during 1952. 

Candidates must be at least 173 and 
under 26 years of age on January 1, 1952, 
with extension for regular service in H.M. 
Forces, but candidates over 26 with 
specialised experience may be admitted. 

All candidates must produce evidence 
of having reached a prescribed standard 
of education, particularly in a science 
subject and of thorough experience in the 
duties of the class gained by service in a 
Government department or other civilian 
scientific establishment or in_ technical 
branches of the Forces, covering a mini- 
mum of two years in one of the following 
groups of scientific subjects: 

(i) Engineering and physical sciences. 

(ii) Chemistry, biochemistry and 

metallurgy. 

(111) Biological sciences. (Vacancies few 

in number.) 

(iv) General (including geology, 

meteorology, general work ranging 
over two or more groups (i) to (iii) 
and highly skilled work in labora- 
tory crafts such as glass-blowing). 

Salary according to age up to 25: £236 
at 18 to £363 (men) or £330 (women) at 25 
to £500 (men) or £417 (women): somewhat 
less in the provinces. Opportunities for 
promotion. 

Further particulars and application 
forms from Civil Service Commission, 
Scientific Branch, Trinidad House, Old 
Burlington Street, London, W.1, quoting 
No. $59/52. Completed application forms 
should be returned as soon as possible. 





GRANTHAM AND KESTEVEN 
GENERAL HOSPITAL, 
101 MANTHORPE ROAD, 
GRANTHAM, LINCS. 


APPLICATIONS are invited for the post of 
SENIOR LABORATORY TECH- 
NICIAN from Fellows of the Institute 
of Medical Laboraiory Technology (or 
those about to take the examination) or 
others holding an equivalent qualification. 

The successtul candidate will be re- 
quired to develop the laboratory services 
at this hospital in association with the 
Lincoln Area Laboratory. All-round 
general experience is desirable. 

Whitley Council salary and conditions 
of service. 

Applications, giving age, experience and 
qualifications, and names of three referees, 
to be sent to the Secretary immediately. 








404 





OFFICIAL APPOINTMENTS 





UNIVERSITY OF HONG KONG 


AP?! ICATIONS are invited for a vacant 
Lectureship in Zoology. 

Emolument (for a married member of 
the staff normally resident outside Hong 
Kong or China and inclusive of allowance) 
£1400 + £240 — £1640 p.a.; single man £160 
p.a. less. 

Applicants should possess a first-class 
degree in zoology and have had some 
experience of teaching and research. The 
successful candidate will be required to 
take up the post by September 1953 or 
earlier if possible. 

First-class sea passages and furnished 
houses or flats at reasonable rentals are 
provided for expatriate staff. 

Further particulars and information as 
to the method of application should be 
obtained from the Secretary, Association 
of Universities of the British Common- 
wealth, 5 Gordon Square, London, W.C.1. 

The closing date for the receipt of 
applications is 3/st January, 1953. 





UNIVERSITY OF SYDNEY 
SCHOOL OF PHYSICS 
LECTURERS, SENIOR LECTURERS, 
READERS, IN PHYSICS 


PROFESSOR H. Messel has recently been 
appointed Professor of Physics and 
Head of the School of Physics. Staff at 
present consists of Professor V. A. Bailey, 
Professor of Experimental Physics, one 
Reader, three Senior Lecturers, one Lec- 
turer and nine full-time Temporary Lec- 
turers. 

The Senate has decided to make five 
additional appointments to the teaching 
staff and to consider making permanent 
appointments in replacement or conver- 
sion of some of the temporary positions. 

Applications are invited for Lecture- 
ships or Senior Lectureships in Physics. 
Should applicants be of sufficient stand- 
ing, consideration will be given to making 
not more than two appointments at the 
grade of Reader. 

In addition to the normal teaching 
duties, the school will be concerned with 
research in a number of fields of Physics. 
Particular attention will be paid to 
Experimental High Energy Nuclear Re- 
search using Cosmic Rays and to Modern 
Theoretical Physics. The experimental 
work will be carried out using photo- 
graphic plate emulsions and _ balloons, 
geiger-muller counters, cloud chambers 
and ionization chambers. 

The salaries are in the range of: 
READERS, £1500 (Australian); SENIOR 
LECTURERS, £1050—£1300 (Australian); 
LECTURERS, £650-£1000 (Australian) 
per annum, plus cost of living adjustment 
(at present £231 males and £175 females 
per annum) with annual increments of £50 
and subject to deductions under the State 
Superannuation Act. The commencing 
salary will be fixed according to qualifica- 
tions and experience. 

Further particulars and information as 
to the method of application should be 





obtained from the Secretary, Association 
of Universities of the British Common- 
wealth, 5 Gordon Square, London, W.C.1. 

The closing date for the receipt of 
applications in London and Australia is 
12th January, 1953. 





CROWN AGENTS FOR THE 
COLONIES 


Qualified candidates are invited to apply 
for the following posts: 


LABORATORY TECHNICIAN (MALE) 

(M.32115.G.) required by the Govern- 
ment of Uganda for the Department of 
Agriculture for one tour of 30 to 36 
months on Provident Fund terms with 
prospect of permanency. Commencing 
salary (including temporary allowance) 
according to qualifications and experience 
in the scale £687 rising to £1050 a year. 
Outfit allowance £30. Free passages and 
liberal leave on full salary. Candidates, 
not over 35 years of age, should have 
gained Higher National Certificate or 
passed degree in Chemistry and be capable 
of supervising routine analytical work on 
soils and crops. 


LABORATORY TECHNICIAN (M.28071.G.) 

required by the Government of Kenya 
for the Veterinary Department. Com- 
mencing salary (including temporary 
allowance) according to qualifications and 
experience in the scale £687 rising to 
£1050 a year. Outfit allowance £30. Free 
passages and liberal leave on full salary 
after each tour of 40 48 months. The 
appointment will be on probation for 
permanent and pensionable employment. 
National Health Service Superannuation 
rights can be preserved. Candidates, not 
over 35 years of age, must be Fellows or 
Associates of the Institute of Medical 
Laboratory Technology and have had 
experience in general laboratory technique 
and procedure. 


ABORATORY TECHNICIAN (MALE) 

(M.31987.G.) required by the Govern- 
ment of Kenya for the Medical De- 
partment. Commencing salary (including 
temporary allowance) according to 
qualifications and experience in the scale 
£687 rising to £1050 a year. Outfit 
allowance £30. Free passages and liberal 
leave on full salary after each tour of 48 
months. The appointment will be on 
probation for permanent and pensionable 
employment. National Health Service 
Superannuation rights can be preserved. 
Candidates, not over 40 years of age, must 
be Associates of the Institute of Medical 
Laboratory Technology. 


HYSIOLOGICAL LABORATORY — SUPER- 

INTENDENT (M.32185.G.) required by 
the Government of Nigeria for the 
Medical Department for three tours of 
10/12 months in first instance, with 
prospect of permanent and pensionable 
employment. Salary (including expatri- 
ation pay) £750 rising to £1175 a year. 
Outfit allowance £60. Free passages and 
liberal leave on full salary. National 
Health Service Superannuation rights can 
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be preserved. Candidates should be 
Members or Associates of the I.M.L.T. 
in laboratories of a 
teaching institution and particularly in 
Physiology. 

Apply at once by letter, stating age, full 
names in block letters, and full particulars 
of qualifications and experience, and 
mentioning this paper to the Crown 
Agents for the Colonies, 4 Millbank, 
London, S.W.1. quoting on letter the 
reference number shown against the post 
for which application is made. The 
Crown Agents cannot undertake to 
acknowledge all applications and will 
communicate only with applicants selected 
for further consideration. 





APPOINTMENTS VACANT 





E. B. BADGER & Sons (G.B.) Ltp., 40 
Parkgate Road, S.W.11. Owing to further 
expansion of permanent staff, the follow- 
ing are required: 


(a) Experienced Refinery and Chemical 
Plant Piping Designer-Draughtsmen. 
(5) Capable Refinery Instrument Instal- 
lation Draughtsmen to work in small 
specialist squad. 
Pressure Vessel and Equipment De- 
signer-Draughtsmen, H.N.C. and 
completed apprenticeship, preferable 
with experience in fabricator’s draw- 
ing office. 
(d) Electrical Draughtsmen experienced 
in Power and Lighting Layout for 
Oil Refineries. 


Generous pension scheme and free life 
insurance, five-day week and encourage- 
ment to develop ability. Initial salary by 
mutual agreement. Write or phone Chief 
Design Engineer, BAT. 1126. 


a 


(c 





(CHEMICAL LABORATORY STEWARD for 
research department, near _ Bristol. 
Experience in chemical laboratories and 
some knowledge of glass-blowing neces- 
sary. Apply Box No. D1506, Aldridge 
Press Ltd., 15 Charterhouse Street, 
London, E.C.1. 





AN Engineer with production experience, 
trained in the electro-chemical and 
light engineering field, is required by a 
manufacturer of electronic components to 
take charge of a unit engaged primarily in 
the pre-production of new products. Can- 
didates must have ability to co-operate 
with the laboratory on questions of design 
for manufacture, and with the factory in 
solving production problems, and should 
preferably possess an engineering degree 
or near equivalent. Write in confidence 
giving age, summary of experience and 
other relevant information to Box D1503. 





MISCELLANEOUS 





BSTRACTS AND TRANSLATIONS (Ger- 
man, French) by experienced scien- 
tist. Box D1505, Aldridge Press Lid., 
15 Charterhouse Street, London, E.C.|. 


Editorial Office: 244 High Holborn W.C.1 
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NATIONS 





Now available 


Proceedings of the United Nations 
Scientific Conference on the Conservation 


and Utilization of Resources (UNSCCUR) 


7 volumes plus index 





This important Conference was held in 1949 under United 
Nations auspices. More than 700 scientists from over 50 countries 
contributed technical papers on both renewable and non- 
renewable resources—minerals, fuels and energy, water, forests, 


land, wildlife and fish. 


Scientists, engineers, conservationists, business executives, public 
officials and others concerned with the conservation and utiliza- 
tion of resources have eagerly awaited the publication of this 
unique collection of more than 500 addresses and reports. 


The complete proceedings of this Conference have now been 
published in seven cloth-bound volumes and are available at 
the prices indicated. An index volume is in preparation. 





Volume I Plenary Meetings 431 pp, 25 illustrations, 32s. 6d. (33/9 incl. postage) 

Volume II Mineral Resources 303 pp, 65 illustrations, 22s. 6d. (23/7 incl. postage) 
Volume III Fuel and Energy Resources 333 pp, 86 illustrations, 22s. 6d. (23/7 incl. postage) 
Volume IV Water Resources 466 pp, 96 illustrations, 32s. 6d. (33/9 incl. postage) 
Volume V Forest Resources 325 pp, 66 illustrations, 22s. 6d. (23/7 incl. postage) 

Volume VI Land Resources 629 pp, 108 illustrations, 45s. (46/5 incl. postage) 

Volume WII Wildlife and Fish Resources 259 pp, 41 illustrations, 17s. 6d. (18/7 incl. postage) 
Volume VIII Index 100 pp. In Preparation. Ils. 


An illustrated brochure giving further details on the contents of 
each volume is available on request 


UNITED NATIONS PUBLICATIONS are obtainable from 
H.M. Stationery Office, P.O. Box 569, London, S.E.1 or through any bookseller 























CERIUM 


ERIUM 1s one of the group of elements 
known as the “rare earth ~ metals, 
which are very similar to each other in 
chemical properties. The first steps in 
the discovery of this element were taken in 
1781 when a 15 year old Swedish boy 
Wilhelm Hisinger sent a sample of rock 
to the famous chemist Scheele. Hisinger 
thought that this rock, now known as the 
mineral “ cerite,” might contain a new 
metal: but Scheele failed to find it. More 
than twenty years later Hisinger 
himself discovered in cerite the 
new element cerium. Today the 
most important sources of the 


rare earth metals are deposits of 


monazite sand found in India and Brazil. 
Pure cerium is rarely produced, but in the 
form of ‘* Mischmetall *°—a mixture of 
rare earth metals—and in compounds 
with other elements it has a number of 
industrial uses. The luminosity of an 
electric arc light is increased if the carbon 
electrodes are impregnated with cerium 
fluoride during manufacture, and ceric 
sulphate is used in chemical analysis and 
in photography. 
Mischmetall is used extensively 
to make lighter flints of which 
I.C.1. produces many millions 
every year for use in gas and 
cigarette lighters. 























